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PROD UCTION OF rhPBGP AND NEW THERAPEUTIC METHODS FOR TREATING 
PATI ENTS WITH ACUTE INTERMITTEN T PORPHYRIA (AIP) AND OTHER PORPHYRIC 
DISEASES ~ 



5 

FIELD OF THE INVENTION 

The present invention relates to novel methods of treating and preventing disease caused 
by absence or deficiency of the activity of enzymes belonging to the heme biosynthetic 
10 pathway. More specifically, the invention pertains to methods of alleviating the symptoms 
of certain porphyrias, notably acute intermittent porphyria, therapy with a combination of 
encymatically active substances and therapy with recombinant produced enzymes such as 
PBGD and ALAD. In addition the invention relates to an expression plasmid and a linear 
DNA fragment for use in the production of rhPBGD. 

15 

BACKGROUND OF THE INVENTION 
Acute Intermittent Porphyria 

20 Acute intermittent porphyria (AIP) is an autosomal dominant disorder in man caused by a 
defect (50% reduction of activity) of the third enzyme in the heme biosynthetic pathway, 
porphobilinogen deaminase, (also known as porphobilinogen ammonia-Iyase 
(polymerizing)), E.C. 4.3.1.8. (Waldenstr5m 1937, J. Acta.Med. Scand. Suppl.82). In the 
following, this enzyme and the recombinant human form will be termed "PBGD" and 

25 "rhPBGD' 1 , respectively. 

Important regulation of the heme biosynthetic pathway is delivered by the end product of 
the metabolic pathway, namely heme, which exerts a negative inhibition on the first rate- 
limiting enzymatic step (conducted by delta-aminolevulinic-synthetase) in the heme 

30 biosynthetic pathway (Strand et al. 1970, Proc. Natl. Acad. Sci. 67, 1315-1320). 

Deficiencies in the heme biosynthetic enzymes have been reported leading to a group of 
diseases collectively called porphyrias. A defect in the third enzymatic step leads to acute 
intermittent porphyria, AIP. The reduction in enzymatic PBGD activity makes this enzyme 
the rate limiting step in the heme biosynthetic pathway, with a concomitant increase in 

35 urinary and serum levels of delta-aminolevulinic acid (ALA) and porphobilonogen (PBG). 
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Clinical manifestation of AIP 

The clinical manifestation of AIP involves abdominal pain and a variety of neuropsychiatric 
and circulatory dysfunctions. As a result of the enzymatic block, heme precursors such as 
5 PBG and ALA are excreted in excess amounts in the urine and stool. In acute attacks, high 
levels of PBG and ALA are also found in serum. These precursors are normally 
undetectable in serum in healthy individuals.The neuropsychiatric disturbances observed in 
these patients are thought to be due to interference of the precursors with the nervous 
system or due to the lack of heme. For instance, ALA bears a close resemblance to the 
10 inhibitory neurotransmitter 4-aminobutyric acid (GABA) and has been suggested to be a 
neurotoxin. (Jeans J. et al. 1996, American J. of Medical Genetics. 65, 269-273). 

The AIP is a lifelong disease, which usually becomes manifest in puberty. Most 
precipitating factors exhibit an association with the first rate-limiting enzyme in the heme 
biosynthetic pathway through heme, the final product of the pathway. A lowering of the 
heme concentration will immediately increase the rate of ALA-synthetase. An 
overproduction of ALA then makes the partially deficient PBGD enzyme (50% activity) now 
rate-limiting with an accumulation of the heme precursors ALA and PBG. Drugs that 
induces cytochrome P450 such as barbiturates, estrogens, sulphonamides, progesterone, 
carbamyazepine, and phenytoin can all precipitate acute attacks. (Wetterberg L. 1976, In 
Doss M. Nowrocki P. eds. Porphyrias in Human Disease. Reports of the discussion. 
Matgurg an der Lahn, 191-202). 

Existing treatment of AIP 

25 

The treatment of AIP as well as of other types of porphyrias such as variegata, hereditary 
coproporphyria, harderoporphyria, and aminolevulinic acid dehydratase deficiency, are 
basically the same. Existing therapies for AIP, are all aimed at reducing circulating PBG 
and ALA by inhibiting the first rate-limiting enzymatic step ALA-synthetase. This inhibition 
30 of ALA-synthetase is achieved by increasing circulating heme, since heme is a negative 
feed back regulator of ALA-synthetase. Hematin treatment, high caloric intake or inhibition 
of heme breakdown by Sn-mesoporphyrin administration are the existing therapies today. 
These therapies have shown limited efficacy. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/07065 





PC17DK00/00425 



3 



Levels of ALA and PBG found in urine in patients with symptomatic AIP, are in the range of 
1-203 mg/day and 4-782 mg/day, respectively. Normal excretion of ALA and PBG is very 
low (0-4 mg/day). Important is the observation that these patients also have elevated levels 
of ALA and PBG in serum. It was shown in a study that AIP patients had significantly 
5 elevated levels of ALA (96 jig %) and PBG (334 tig %) in serum in connection with acute 
attacks and that the severity of the attacks were correlated to high levels of ALA and PBG. 
Hence, it is important to reduce the circulating levels of ALA and PBG in order to eliminate 
clinical symptoms and to normalize the heme pool. 

1 0 Disclosure of the invention 

The present invention is based on using a catalyst such as PBGD, preferably recombinant 
human PBGD (rhPBGD) and/or ALAD (rhALAD), in order to reduce circulating high levels 
of PBG in serum by metabolizing (by enzymatic conversion) PBG to hydroxymethylbilane 

15 (HMB), which is the normal product of the reaction. This substitution therapy will lead to a 
normalization of PBG in serum as well as to a normalization of the heme pool. It will also 
lead to a normalization of ALA in serum, since these heme precursors are in equilibrium 
with each other. A lowering of serum ALA and PBG is expected to result in a concomitant 
relief of symptoms. The product of the reaction (HMB) will diffuse back into the cells and 

20 enter the normal heme biosynthetic pathway and will become subsequently metabolized to 
heme. 

Hence, PBGD administered by injections will carry out its normal catalytic function by 
converting PBG to HMB in serum (extracellularly, not inside the cells). The new therapeutic 
25 idea is based on the assumption that ALA, PBG and HMB permeate cellular membranes or 
is transported specifically across them. An alternative to this is to administer a form of 
PBGD, which will be able to act intracellularly, either as a consequence of formulation or as 
consequence of modification of PBGD so as to facilitate its entry into cells from the 
extracellular compartment 

30 

The observation that AIP patients have large amounts of these heme precursors in the 
serum supports the idea that PBG does not accumulate intracellularly, but is released from 
the cells into serum when the intracellular concentration increases due to the PBGD 
enzymatic block. 



35 
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By the term "catalyst" is herein meant either the relevant enzyme which is substituted as it 
is, or an enzymatically equivalent part or analogue thereof. One example of an 
enzymatically equivalent part of the enzyme could be a domain or subsequence of the 
enzyme which includes the necessary catalytic site to enable the domain or subsequence 
5 to exert substantially the same enzymatic activity as the full-length enzyme or alternatively 
a gene coding for the catalyst. 

An example of an enzymatically equivalent analogue of the enzyme could be a fusion 
protein which includes the catalytic site of the enzyme in a functional form, but it can also 
10 be a homologous variant of the enzyme derived from another species. Also, completely 
synthetic molecules that mimic the specific enzymatic activity of the relevant enzyme would 
also constitute "enzymatic equivalent analogues". 



The term "the heme biosynthetic pathway" refers to the well-known enzymatic steps (of. 

15 e.g. Sassa S. 1996, Blood Review, 10, 53-58) which leads from glycin and succinyl-CoA to 
heme, and enzymes belonging to this synthetic pathway are delta-aminolevulininic acid 
synthetase, delta-aminolevulinic acid dehydratase, porphobilinogen deaminase, 
uroporphyrinogen III cosythetase, uroporphyrinogen decarboxylase, coproporphyrinogen 
oxidase, protoporphyrinogen oxidase and ferrochelatase. Hence, in line with the above, a 

20 catalyst used according to the invention is such an enzyme or an enzymatically equivalent 
part or analogue thereof. 



The diseases related to reduced activity of these enzymes are acute intermittent porphyria 
(AIP), ALA deficiency porphyria (ADP), Porphyria cutanea tarda (PCT), Hereditary 
25 coproporphyria (HCP), Harderoporphyria (HDP), Variegata porphyria (VP), Congenital 
erythropoetic porphyria (CEP), Erythropoietic protoporphyria (EPP), and 
Hepatoerythropoietic porphyria (HEP). 

By the term "effective amount" is herein meant a dosage of the catalyst which will 
30 supplement the lack or deficiency of enzymatic activity in a subject suffering from porphyria 
caused by reduced activity of one of the above-mentioned enzymes. The precise dosage 
constituting an effective amount will depend on a number of factors such as serum half-life 
of the catalyst, specific activity of the catalyst etc. but the skilled person will be able to 
determine the correct dosage in a given case by means of standard methods (for instance 
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starting out with experiments in a suitable animal model such as with transgenic animals so 
as to determine the correlation between blood concentration and enzymatic activity). 

The disease which is the preferred target for the inventive method is AIP, and therefore the 
5 preferred catalyst is rhPBGD or an enzymatically equivalent part or analogue thereof. The 
invention further relates to the production of rhPBGD in high scale. 

Preferred formulations and dosage forms of the catalyst are exemplified for, but not limited 
to, PBGD in the detailed description hereinafter, and these formulations also are apparent 
10 from the claims. It will be appreciated that these formulations and dosage forms are 
applicable for all catalysts used according to the invention. 

One important aspect of the invention relates to the use of a combination of PBGD and 
ALAD as well as other combinations of the catalysts disclosed herein. 

15 

One important embodiment of the method of the inventions is one wherein the catalyst, 
upon administration, exerts at least part of its enzymatic activity in the intracellular 
compartment. This can e.g. be achieved when the catalyst is an enzymatically equivalent 
part or analogue of the enzyme, since such variations of the enzyme can be tailored to 

20 render them permeate cell membranes. Hence, when the catalyst is a small artificial 
enzyme or an organic catalyst which can polymerize porphobilinogen to 
hydroxymethylbilane, it should be possible for the skilled man to introduce relevant side 
chains which facilitates entry into the intracellular compartment. Alternatively, the catalyst is 
the enzyme, but formulated in such a manner that it exerts at least part of its enzymatic 

25 activity intracellular^ upon administration to the subject. This can be achieved by tagging 
the enzyme with specific carbohydrates or other liver cell specific structures for specific 
liver uptake, /.e. the enzyme (or analogue) is modified so as to facilitate active transport 
into e.g. liver cells. 

30 Although the above embodiments are interesting, it is believed that the normal, practical 
embodiment of the invention will involve use of a catalyst which exerts substantially all its 
enzymatic activity extraceliulariy in the bloodstream, since it is believed that the metabolic 
products of the enzymatic conversion of the relevant heme precursor will permeate freely 
into the intracellular compartment where the remaining conversions of the heme 
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biosynthetic pathway can take place. Alternatively, the metabolic product may be excreted 
from the subject via urine and/or faeces at least to some extent. 

The method for recombinant production comprises 

5 

a) introducing, into a suitable vector, a nucleic acid fragment which includes a nucleic acid 
sequence encoding the catalyst; 

b) transforming a compatible host cell with the vector; 

c) culturing the transformed host cell under conditions facilitating expression of the nucleic 
10 acid sequence; and 

d) recovering the expression product from the culture 

and optionally subjecting the expression product to post-translational processing, such as 
in vitro protein refolding, enzymatic removal of fusion partners, alkylation of amino acid 
residues, and deglycosylation, so as to obtain the catalyst. 

15 

For relatively small catalysts (e.g. those constituted mainly of the active site of the 
enzyme), the catalyst can alternatively be prepared by liquid-phase or solid-phase peptide 
synthesis. 

20 A more detailed explanation of the recombinant production of the model enzyme PBGD is 
given in the detailed section hereinafter, but as mentioned herein the same considerations 
apply for all other peptide catalysts of the invention. One of the main advantages of 
producing the catalyst by recombinant or synthetic means is, that if produced in a non- 
human cell, the catalyst is free from any other biological material of human origin, thus 

25 reducing problems with known or unknown pathogens such as viruses etc. 

The dosage regimen will normally be comprised of at least one daily dose of the catalyst, 
(preferably by the i.v., s.c. i.p., trans dermal or trans mucosal route including nasal and 
buccal administration). Normally 2, 3, 4 or 5 daily dosages will be necessary, but if 
30 sustained release compositions or e.g. sub cutane injestions are employed, 1 or less than 
1 daily dosage are anticipated to be sufficient. 

The daily dosage should be determined on a case by case basis by the skilled practitioner, 
but as a general rule, the daily dosage will be in the range between 0.01 - 1.0 mg/kg body 
35 weight per day of the catalyst. More often the dosage will be in the range of 0.05 - 0.5 
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mg/kg body weight per day, but it should never be forgotten that precise dosage depends 
on the dosage form and on the activity of the catalyst as well as on the degree of deficiency 
of the relevant enzyme or combinations of enzymes and an individualized treatment, where 
the dose is adjusted to normalize patient serum and urine precusor levels. 

5 

The most correct way of determining the correct dosage is based on the patient specific 
precursor levels. The precursor being the product of the enzymatic reaction. 

For PBGD, the daily dosage is about 0.08-0.2 mg per kg body weight per day, and most 
10 often 0.1 mg per kg body weight per day will be the dosage of choice. It is believed that 
comparable dosages will be applicable for the other full-length enzymes or combinations of 
enzymes. 

The invention also pertains to a catalyst as defined herein for use as a pharmaceutical. 
15 Furthermore, use of such catalysts or combination of different catalysts for the preparation 
of pharmaceutical compositions for treatment of the above-discussed diseases is also part 
of the invention. 

Legends to figures: 

20 

Figure 1 : Circular map of plasmid pPBGDI . 1 
Figure 2: Flow chart for construction of plasmid pExpO 
Figure 3: Circular map of plasmid pExpO 
Figure 4: Flow chart for construction of plasmid pExpl 
25 Figure 5: Circular map of plasmid pExpl 

Figure 6: Flow chart for construction of pExp1-M2 
Figure 7: Circular map of plasmid pExp1-M2 

Figure 8: Flow chart for construction of rhPBGD expression plasmid pExp1-M2-BB 
Figure 9: Circular map of rhPBGD expression plasmid pExp1-M2-BB 

30 Figure 1 0: PCR strategy for construction of the EcoR l-W/nd III linear DNA-fragment 
Figure 1 1: Structure of the EcoR l-H/nd III linear DNA-fragment used for transformation 
Figure 12: Respiration and growth data from fermentation PD14 with strain PBGD-2 
Figure 13: rhPBGD expression in fermentation PD14 with strain PBGD-2 
Figure 14: Chromatography on DEAE-Sepharose FF (DEAE1) 

35 Figure 15: Chromatography on DEAE-Sepharose FF (DEAE2) 
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Figure 16: Chromatography on Butyl-Sepharose4 FF 



ART 34 AfVf DT 



^«pj^^^ 7 ^|^j^^_^ WP&3^W^^^Sn^i^n^fi^^^~^~^ : 

Figure 18: PBGD reaction mechanism 

Figure 19: OEAE chromatography elution profile 
5 Figure 20: SDS-PAGE gel of DEAE eluates 

Figure 21: Cobalt chromatography elution profile 

Figure 22: SDS-PAGE gel results of cobalt eluates 

Figure 23 and 

Figure 24: llustrate numbers in diagrams (Table19). The expression of PBGD in HeLa cells 
10 was increased up to 475 times from the basal activity and in NIH 3T3 cells up to 1 1 times. 
Figure 25: Comparison of fermentations PD05 and PD06 with strain PBGD-2 
Figure 26: Comparison of fermentations PD09, PD11 and PD12 
Figure 27: Comparison of fermentations PD09, PD11 and PD12 with strain PBGD-1. 
Figure 28: Comparison of fermentations PD14, PD16 and PD19 with strain PBGD-2. 

15 

Figure 29: Comparison of fermentations PD14, PD16 and PD19 with strain PBGD-2 
Figure 30: Comparison of fermentations PD19. PD21 and PD22 with strain PBGD-2. 
Figure 31 : Comparison of fermentations PD19, PD21 and PD22 with strain PBGD-2. 
Figure 32: Comparison of fermentations PD19, PD1501 and PD1502 
20 Figure 33:: Comparison of fermentations PD19. PD1501 and PD1502 with strain PBGD-2. 
Figure 34: 

Figure 35: Stability studies: Single use aliquots of extract were routinely taken out of the 
freezer (-20°C) and the rhPBGD-activity was measured and plotted over time. 
Figure 36. Description of oligos used for PCR amplification. 
25 Figure 37 A. and B:Strategy for PCR cloning of ALAD 

y Figure 38: Plasma levels of rhPBGD following administration to mice. 50 ug rhPBGD (2,3- 
2,8mg/kg) 

Figure 39: PBGD enzymatic activity in plasma following rhPBGD administration to mice 
Figure 40: The urinary content of PBG and ALA in AlP-mouse treated with phenobarbital. 
30 Figure. 41shows the urinary content of PBG and ALA in AlP-mouse treated with 
phenobarbital and rhPBGD. 

Figure 42: Shows the grip strength analysis in control and AlP-mice 
Figure 43: Rotarod analysis in control and AlP-mice. The rotarod analysis were determined 
using a rotarod treadmill (Ugo Basile) in wild type controls (control. n=5) and in AIP- 
35 transgenic mice (AIP, n=7). 
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from 2 mg/mt to 0,5 mg/ml and 8 mg/ml to 2,5 was detected. 



Figure 46. Enzyme specific activity measured during 8 weeks at 40°C. The activity was I 
measured using the enzyme activity assay and the protein concentration was measured 
/ 5 using HPLC. J 



f Figure 45. The enzyme activity measured over 8 weeks at 40 a C. A significant decrease 

I over the first week was seen for the high concentration sample, 1 b. After two weeks the 

^decrease rate was the same for all samples. 

/^Figure 47. rhPBGD concentration over 12 weeks at-20°C (freezer), 5°C (fridge), 25°C 

10 (RT) and freeze/thawed at each sampling. The measurement was performed using HPLC 

Figure 48. rhPBGD activity over 12 weeks at -20°C (freezer), 5°C (fridge), 25°C (RT) and 
freeze/thawed at each sampling. 

Figure 49. rhPBGD specific activity over 12 weeks at-20°C (freezer), 5°C (fridge), 25°C 
(RT) and freeze/thawed at each sampling. Measurements were performed using enzyme 

15 activity assay and HPLC. 

Figure 51- The rhPBGD activity mooourod - ovop S-w eeks. The stability study has bee n 
performed und e r nitrogen at 20°C ± 5°C, 5 g C JL 3°C and at 25*0 ± 2? C. 
Figure 51. The rhPBGD activity measured over 8 weeks. The stability study has been 
performed under nitrogen at -20°C ± 5°C, 5°C dfc 3°C and at 25°C ± 2°C. 

20 Figure 52. The specific rhPBGD activity measured using the enzyme activity assay and 
BCA protein concentration assay. The stability study has been performed under nitrogen a 
-20°C ± 5°C. 5°C ± 3°C and at 25°C ± 2°C. 



Sequence list: 



25 



Seq. ID NO 1 : Sequence of the expression plasmid pExp1-M2-BB 

Seq. ID NO 2: Sequence of the EcoR I - Hind III linear fragment used for transformation in 
the hemC disruption strategy 

Seq. ID NO 3: Sequence of the erythropoietic form (PBGD 1.1) 
30 Seq. ID NO 4: Sequence of the non-erythropoietic form (PBGD 1.1.1) 

Seq. ID NO 5: Sequence of PDGB from Spleen (PBGD 1.3) 

Seq. ID NO 6: Sequence of PDGB from bone marrow (PBGD 2.1) 

Seq. ID NO 7: Sequence of PDGB from bone marrow (PBGD 2.2) 

Seq. ID NO 8: Sequence of PDGB from lymph node (PBGD 3.1) 
35 Seq. ID NO 9: Sequence of PDGB from lymph node (PBGD 3.3) 
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Seq. ID NO 10: Sequence PDGB from total brain (PBGD 5.3) 
Seq. ID NO 1 1 : Sequence of PDGB from total brain (PBGD 6.1) 
Seq. ID NO 12: Sequence of PDGB, Fig 1 
Seq. ID NO 13: Sequence of (PBGD) 
5 Seq. ID NO 14: Primer named ICO 549 
Seq. ID NO 15: Primer named ICO 550 
Seq. ID NO 16: Primer named ICO 383 
Seq. ID NO 17: Primer named ICO 384 
Seq. ID NO 18: Primer named ICO 618 
10 Seq. ID NO 19: Primer named ICO 616 
Seq. ID NO 20: Primer named ICO 617 

Seq. ID NO 21 : Sequence of ALAD coding region of pBlueAalD-2 
Seq. ID NO 21: Proteinequence of ALAD coding regionof pBlueAalD-2 

15 

DETAILED DISCLOSURE OF THE INVENTION 

In a first embodiment the invention relates to a method for treatment or prophylaxis of 

disease caused by deficiency, in a subject, of one or more enzymes belonging to the heme 
20 biosynthetic pathway, the method comprising administering, to the subject, an effective 

amount of a catalysts which is said enzyme or combination of enzymes or an enzymaticalfy 

equivalent part or analogue thereof. The disease may be selected from the phorphyria 

group and the catalyst may be an enzyme selected from the group consisting of 

delta-aminolevulininic acid synthetase, 
25 delta-aminolevulinic acid dehydratase (ALAD), 

porphobilinogen deaminase (PBGD), 

uroporphyrinogen III cosythetase, 

uroporphyrinogen decarboxylase, 

coproporphyrinogen oxidase, 
30 protoporphyrinogen oxidase, and 

ferrochelatase, 

or an enzymatically equivalent part or analogue thereof. 

The invention also relates to any combination of the enzymes mentioned above because 
35 one enzymatic deficiency may cause such alterations of the pathway that alternative 
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enzymatic reactions are needed wherein an otherwise normal production of an enzyme for 
such alternative pathway is not sufficient. In alternative, the disease relating to the heme 
biosynthetic pathway may also be due to a deficiency of more than only one enzyme. 
Accordingly, in the present context the term catalyst is also to be interpreted as a 
5 combination of catalyst and the term enzyme may also include a mixture of different 
enzymes. 

In a preferred embodiment, the disease is AIP and the enzyme is PBGD or an 
enzymatically equivalent part or analogue thereof optionally in combination with ALAD. In a 
1 0 further embodiment, the catalyst is a recombinant form of the enzyme belonging to the 
heme biosynthetic pathway or of the enzymatically equivalent part or analogue thereof. 

The catalyst may be administered by a route selected from the group consisting of the 
intravenous route, the intraarterial route, the intracutaneous route, the subcutaneous route, 
1 5 the oral route, the buccal route, the intramuscular route, the anal route, the transdermal 
route, the intradermal route, and the intratechal route. 

The catalyst is preferable formulated in an isotonic solution, such as 0.9% NaCI and 10-50 
mM sodium phosphate pH 7.0 +/- 0.5 up to pH 8.0 or sodium phosphate, glycine, mannitol 
20 or the corresponding potassium salts. The catalyst may also be lyophilized, sterile filtered, 
and in a further embodyment formulated as lipid vesicles comprising phosphatidylcholine or 
phosphatidylethanolamine or combinations thereof. In a still other embodiment the catalyst 
is incorporated into erythrocyte ghosts. 

25 Also a sustained release formulation may be performed involving biodegradable 
microspheres, such as microspheres comprising polylactic add, polyglycolic acid or 
mixtures of these. 

A further method according to the invention is wherein the catalyst is lyophilized in a two- 
30 compartment cartridge, where the catalyst will be in the front compartment and water for 
reconstitution in the rear compartment. The two compartment cartridge may be combined 
with an injection device to administer the catalyst either by a needle or by a needle-less 
(high pressure) device. 
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It may also be very convenient to administer the catalyst in a formulation of a physiological 
buffer containing an enhancer for nasal administration. 

Other formulations for the catalyst include an oral formulation containing lipid vesicles, 
5 such as those comprising phospatidylcholine, phosphatidylethanolamine, or 
sphingomyeline, or dextrane microspheres 

The formulation is preferable one that is able to enhance the half-life of the catalyst in the 
subject's bloodstream. This may by use of a formulation wherein the catalyst has a 
10 polyethylene glycol coating. 

The catalyst may also be complexed with a heavy metal. 

In a further aspect the catalyst is an enzymatically equivalent part or analogue of the 
1 5 enzyme and exerts at least part of its enzymatic activity intracellularly upon administration 
to the subject. This may be when the catalyst is a small artificial enzyme or an organic 
catalyst that can polymerise porphobilinogen to hydroxymethylbilane. 

Furthermore, the catalyst may be said enzyme formulated in such a manner that it exerts at 
20 least part of its enzymatic activity intracellularly upon administration to the subject. 

In addition the catalyst may be tagged with specific carbohydrates or other liver cell specific 
structures for specific liver uptake. 

25 In a furhter aspect the catalyst exerts substantially all its enzymatic activity extracellularly in 
the bloodstream. 

In a still further aspect, the enzymatic activity of the catalyst on its relevant heme precursor 
results in a metabolic product which 1) either moves into the intracellular compartment and 
30 is converted further via the remaining steps of the heme biosynthetic pathway or 2) is 
excreted from the subject via urine and/or faeces. 

A primary embodiment of the invention relates to a method wherein the catalyst has been 
prepared by a method comprising 

35 
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a) introducing, into a suitable vector, a nucleic acid fragment which includes a nucleic add 
sequence encoding the catalyst; 

b) transforming a compatible host cell with the vector; 

c) culturing the transformed host cell under conditions facilitating expression of the nucleic 
5 acid sequence; and 

d) recovering the expression product from the culture 

and optionally subjecting the expression product to post-translational processing, such as 
in vitro protein refolding, enzymatic removal of fusion partners, alkylation of amino acid 
residues, and deglycosylation, so as to obtain the catalyst. 

10 

A further catalyst in a combination may be prepared by liquid-phase or solid-phase peptide 
synthesis and it is preferable free from any other biological material of human origin. 

As mentioned above the catalyst may be administered at least once a day, such as 2, 3, 4, 
15 and 5 timfcs daily depending on the specific treatment regimen outlined for the patient in 
that precursor levels for each patient are measured before and/or during treatment for 
evaluation of the specific dosage. 

Accordingly the daily dosage may be in the range of 0.01 - 1.0 mg/kg body weight per day, 
20 such as in the range of 0.05 - 0.5 mg/kg body weight per day. And the present invention 
also relates to the use of the catalyst for the preparation of a pharmaceutical composition. 

It is estimated that a dosage will often be about 0. 1 mg per kg body weight per day. 

25 Accordingly, the invention also relates to a catalyst which is an enzyme of the heme 

biosynthetic pathway or an enzymatically equivalent part or analogue thereof, for use as a 
medicament. Thus in a further embodyment, the invention relates to a catalyst which is an 
enzyme of the heme biosynthetic pathway or an enzymatically equivalent part or analogue 
thereof for the preparation of a pharmaceutical composition for the treatment or prophylaxis 

.30 of diseases caused by deficiency of said enzyme. 

Naturally, the catalyst may be a recombinant form of the enzyme. An example is a 
recombinant human PBGD based on any of Seq. ID NO 3 and Seq. ID NO 4. 
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in a preferred embodiment and as will be disclosed in detail below, the invention also 
relates to a method for treating a patient having one or more mutations in the PBGD gene 
causing an enzyme defect, the method comprising use of a human PBGD cDNA sequence 
of either non-erythropoitic form or erythropoitic form according to the tissue in which PBGD 
5 should be expressed, and transfecting the patient with the relevant cDNA. Preferably the 
enzyme deficiency is selected from enzyme deficiencies resulting in a disease selected 
from Acute intermittent porphyria, (AIP), ALA deficiency porphyria (ADP), Porphyria 
cutanea tarda (PCT), Hereditary coproporphyria (HCP), Harderoporphyria (HDP), 
Variegata porphyria (VP), Congenital erythropoietic porphyria (CEP), Erythropoietic 
10 protoporphyria (EPP), and Hepatoerythropoietic porphyria (HEP). In a still more preferred 
embodiment, the gene therapy is combined with administration of a recombinant enzyme 
according to the present invention. 

In a preferred embodiment, the human PBGD cDNA sequence is selected from Seq. ID NO 
15 3 and Seq. ID NO 4. 

The transfection may be by use of a vector vector selected from adenovirus, retrovirus and 
associated adenovirus. The PBGD gene transfer vector into human cells (erythropoeitic 
and/or non-erythropoietic) preferable results in normal PBGD activity or in an activity 
20 wherin the patient is free of symptoms of disease. 

A further method of gene therapy treatment of patients with Acute Intermittent Porphyria 
(AIP) is by a correction of one of the specific point mutations identified causing AIP by use 
of chimeraplasty gene repair. This involves specific designed oligonucletides and a specific 

25 knowledge of both the mutation to be corrected and to the sequence on both sides on the 
mutation. In a specific embodiment of chimeraplasty gene repair is by use of a delivery 
system for transfection by use of non-viral vectors formulated in a vehicle preparation 
comprisng one or more components selected from cationic phospholipids, phospholipids, 
phospholipids mixed with neutral lipids, lictosylated PEI, liposomes liposomes comprising 

30 mixtures of natural phopholipids and neutral lipids. 

The mutation may be selected from the mutations shown in Table A. 

The following description of preferred embodiments of the invention will focus on 
35 recombinant production of PBGD and formulations and uses thereof. It will be appreciated, 
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however, that all disclosures relating to this polypeptide apply also for the other enzymes 
mentioned above. Hence, production and use of PBGD only exemplifies the Invention, but 
all other enzymes of the heme biosynthetic pathway can substitute PBGD in the 
embodiments described hereinafter. 

5 

Production of recombinant human PBGD (mPBGD) 

As mentioned above, it is preferred to administer recombinant human versions of the 
various enzymes of the heme biosynthetic pathway. In the following will be described 
1 0 recombinant production of one of these enzymes, namely PBGD. 

The gene for the erythropoietic PBGD, which is located in the human genome in the 
chromosomal region 1 1q 24, is composed of 15 exons spanning 10 kb of DNA and is 
shown in Grandchamp B. et al. 1996, J. of Gastroenerology and Hepatology 11, 1046- 
15 1052. 

The gene coding the erythropoietic PBGD enzyme (344 amino adds) (Raich N. et al 1986, 
Nucleic. Acid. Res, 14, 5955-5968), will be cloned from a human erythropoietic tissue by 
use of a nested PCR (polymerase chain reaction) strategy. 

20 

The PBGD coding region will be inserted in a plasmid and transformed into a suitable host 
cell (a bacterium such as E coli and B. subtilis, or a fungus such as Saccharomyces). The 
expression of the PBGD gene will be regulated by a promoter which is compatible with the 
selected host cell. 

25 

For bacterial production: An endogenous ATG sequence is located at the NHyterminal end 
of the PBGD structural gene for initiation of translation and cytoplasmic expression. 
Alternatively insert in front of the PBGD coding region a bacterial signal sequence for 
example an E. coli periplasmic enzyme signal peptide or a signal peptide from a secreted 
30 enterotoxin or endotoxin in E. coli, to obtain secretion in E. coli. 

A plasmid used for production of rhPBGD in £. coli was constructed in the following way: 

Construction of a plasmid harboring the coding region of human wild type PBGD 
35 (pBPGDLH 
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Introduction: 

The erythropoietic expressed form of porphobilinogen deaminase (PBGD) (Raich N. et al. 
5 Nucleic Acids Research 1986 14(15): 5955-67) was cloned and sequence determined. Two 
forms of PBGD are known. The erythropoietic form is expressed specifically in erythroid 
progenitors and the constitutive form is expressed in all cells (Grandchamp B. et al. 1987, 
Eur J Biochem. 162(1): 105-10). The two are expressed from the same gene and are 
identical except for the addition of 17 amino acids at the amino terminus of the constitutive 

10 form through alternative exon usage. It was decided to clone and express the 

erythropoietic form. There are three sequences for PBGD in the Genebank, the two 
isoforms mentioned above and the genomic sequence (Yoo HW. et al. 1993, Genomics. 
15(1):21-9). These all have nucleotide differences translating to amino acid changes. 
Before choosing a specific sequence to be expressed for a human therapeutic it was 

15 therefore necessary to determine what is the wild type allele. To accomplish this, PBGD 
cDNA clones were isolated and sequenced from a number of sources to define the most 
common amino acid usage. Oligonucleotide primers were designed to amplify the coding 
region from cDNAs by Polymerase Chain Reaction (PCR) (Saiki R.K. et al. 1985, Science 
230(4732): 1350-4). These were used to isolate cDNAs from 5 sources of mRNA which 

20 were then cloned into a plasmid vector. Eight of these clones were sequenced and along 
with the published sequences define a wild type allele, which should be the most common 
amino acid sequence in the population. This wild type allele will be used for protein 
expression. 

25 Strategy: 

A nested PCR strategy was devised to clone PBGD. The first primer set, (see Table 1) 
lco379 and lco382, are 20mers that bind to sequence outside of the coding region. lco379 
is specific for the 5' untranslated region of the mRNA (cDNA) of the erythropoietic form of 

30 PBGD. The binding site is in an exon region not expressed in the constitutive form of the 
enzyme. lco382 binds to the 3' untranslated region of both forms of PBGD. Internal to 
these are a second set of oligonucleotide primers to be used for the second round of PCR, 
lco375 and lco376, designed to distal ends of the PBGD coding region. lco375 has 22 
bases of sequence homologous to the 5' end of the coding region of the erythropoietic form 

35 of PBGD with the ATG start codon followed by an EcoR I endonuclease cleavage site for 
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cloning of the PCR product and 4 bases of sequence to ensure efficient restriction. lco376 
has 33 bases homologous to the 3' end of the PBGD coding region with 3 bases changed 
internally to introduce a Mun l/Mfe I endonuclease cleavage site through silent mutations 
and ending with the TAA stop codon. This restriction site will be used to easily introduce 
5 sequence encoding a His-Tag to the DNA with oligonucleotide adapters or to enable other 
3' modifications. Following the stop codon is a second stop codon to ensure good 
termination of translation and a Hind III endonuclease cleavage site for cloning the PCR 
product followed by 4 bases to ensure efficient restriction. The EcoR I and Hind III 
endonuclease cleavage sites introduced onto the ends of the PBGD PCR product ligate 
10 into the respective unique restriction sites in the high copy number pBluescriptll SK- 
(Stratagene) vector for sequencing and will then be used to move the PBGD DNA into an 
E. coli expression vector for production of recombinant human porphobilinogen deaminase, 
rhPBGD. 

15 PCR: 

Six cDNAs were used as a PCR source; spleen, bone marrow, lymph node, lung, whole 
brain and adipose tissue each from a different pool of human donors (produced by Donald 
Rao using BRL Superscript II with 500 ng Clontech poly-A RNA in 20 pi reaction volumes 

20 per manufacturers instructions except adipose which was made from 5 pg of Clontech total 
RNA from a single donor). List of equipment and supplies used (see lists below). One pi of 
each cDNA (approximately 25ng) was amplified with Advantage cDNA polymerase mix 
(Clontech) with 0.2mM dNTP (PE/ABI) and 0.3 pM each of lco379 and lco382 in 50 pi 
reaction volumes. Two cycle PCR was used, with an initial heat denaturation step at 94°C 

25 for V 40" then 28 cycles of 96°C for 16" and 68°C for 2\ A final extension of 6' at 74°C 
ensured that extension products were filled out One fifth of the reaction was run out on a 
1 .2% agarose gel with 2 pi of 6X ficol loading dye in 0.5X TBE buffer (Maniatis T. f E.F. 
Fritsch, J. Sambrook. Molecular Cloning (A laboratory Manual) Cold Spring Harbor 
Laboratory. 1982). The predicted band of 1.1 kb. was observed by ethidium bromide 

30 staining with all sources but lung tissue cDNA. These bands were excised and DNA was 
isolated with Microcon-30 with micropure inserts (Amicon/Millipore) per manufacturers 
instructions and buffer exchanged with dH 2 0. One tenth of the recovered DNA was 
amplified with Advantage cDNA polymerase mix (Clontech) with 0.2mM dNTP (PE/ABI) 
and 0.3pM each of the internal nested oligonucleotides (lco375 and lco376) at 0.3 pM in 

35 50pl reactions. Two cycle PCR was used again with an initial heat denaturation step at 
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94°C for 1 ' 40" then 2 cycles of 96°C for 1 6* and 68°C for 2' then 1 3 cycles of 96°C for 1 6" 
and 72°C for 2' with a final extension of 6' at 74°C. Ten pi of the 50 pi reactions were run 
on a 1.2% agarose gel with 2 pi 6X loading dye. The resulting bands were of the expected 
size, 1.05 kb. The remainder of the PCR reactions were passed through Chromaspin-400 
5 columns (Clontech) per manufacturers instructions to remove reaction components and to 
exchange buffer with TE (10mM Tris-HCI pH8.0/ 1mM EDTA). The DNA containing eluates 
were washed with dH 2 0 and concentrated with Microcon-100 spin-filters (Amicon/Millipore) 
as described by the manufacturer's instructions. 

10 Cloning: 

The purified PBGD DNA was digested for 6 hours with 40 Units each of EcoR I and Hind III 
in EcoR I "IT buffer (New England Biolabs (NEB)) in 50 pi reactions at 37°C. Enzymes 
were heat killed for 20 minutes at 68°C and reactions were spun in Microcon 100 spin- 

1 5 filters to remove small DNA end pieces, washed with dH z O and concentrated. One fifth of 
the resulting DNA was ligated with approximately 50 ng EcoR I and Hind III digested and 
twice gel purified pBluescriptll SK- (Stratagene) and 200 units T4 DNA ligase (NEB 
cohesive end units) for 15 hours at 16°C. The ligase was heat killed at 75°C for 10 minutes. 
The reactions were then buffer exchanged with dH 2 0 and concentrated in Microcon-100 

20 spin filters and volumes taken up to 5 pi with dH 2 0. One pi each was electroporated into 25 
pi DH10B Electromax cells (Gibco/BRL) at 2.5Kv/200Ohms/25pF in 0.1cm cuvets with a 
BioRad electroporator. One ml of SOC medium (Gibco/BRL) was added and the cells were 
outgrown at 37°C for one hour at 250 rpm. Cells were plated out on LB plates (Maniatis T. f 
E.F. Fritsch, J. Sambrook. Molecular Cloning (A laboratory Manual) Cold Spring Harbor 

25 Laboratory. 1 982) with 1 50 pg/ml ampicillin. The efficiency of all five were approximately 
twice background (vector ligated without insert). Colony PCR was used to analyze 18 
transformants of each electroporation for the presence of PBGD. An internal PBGD specific 
primer (IC0381) was used with a pBluescript specific primer (IC0385) to both confirm 
identity and proper orientation in the vector. The 25 pi reactions were set up on ice to 

30 inactivate proteases with primer concentrations of 0.4 pM, 0.1 25U Taq polymerase 
(Fisher), and 0.2mM dNTP(PE/ABI.) Two cycle PCR was used, with an initial heat 
denaturation step at 94°C for V 40" a further denaturing step at 96°C for 20 seconds, then 
30 cycles of 96°C for 1 6" and 68°C for 1 9 with a final extension of 4' at 74°C. Five pi of 6X 
loading dye was added and 12.5 pi each were run out on a 1.2% agarose gel. Results are 

35 as follows: 12/18 positive colonies for spleen; 10/18 for bone marrow; 8/1 8 for lymph node; 
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9/18 for brain and 10/18 for adipose tissue. Two positive colonies each for the first 3 and 1 
each for the latter two were grown up In 25 ml. liquid LB culture with 150 pg/ml ampicillin 
over night at 37°C with 250 rpm. Plasmid DNA was purified from the cultures with Qiagen's 
Tip-100 DNA purification kit per manufacturer's instructions. UV absorbance at 260nm was 
5 used to determine the plasmid yields which varied from between 131 and 169 pg of highly 
purified DNA. 

Sequencing: 

10 Sequencing reactions of double stranded plasmid DNA with Big Dye terminator cycle 
sequencing were performed in a 9700 thermocycler (Perkin Elmer/Applied Biosystems) 
Two vector primers (IC0383 and IC0384) and two PBGD specific internal primers (ICO380 
and IC0381) were used for all 8 plasmids. In addition a fifth vector primer (ICQ385) was 
used for the brain and adipose derived clones. Reaction conditions were per manufacturers 

15 protocol as follows: 500 ng plasmid DNA and 4 pmol oligonucleotide primer with 8 pi ready 
mix in 20 Mi volumes with 30 cycles of 96°C for 12" and 60°C for 4\ Extension products 
were purified by isopropanol precipitation. To each reaction 20 pi of dH 2 0 and 60 pi 
isopropanol were added. These were mixed by inversion and allowed to sit at room 
temperature for 15 minutes then spun for 40' at 3250 rpm in a Beckman GS-6KR centrifuge 

20 with the GH3 rotor and Microplate + carriers. Reactions were inverted then spun at 1680 
rpm for V to remove liquid from the pelleted DNA. DNA sequence analysis was performed 
at the University of Washington Biochemistry Department sequencing Laboratory with an 
Applied Biosystems 377 sequencer. 

25 Analysis: 

The inserts of all 8 clones were confirmed to be PBGD by complete double strand 
sequence analysis (see sequences 1 - 8). Each has some change(s) from the published 
sequences. Some changes are unique and some are shared with other clones (see Table 

30 2 and Table 3). For differences found only in one clone, it is difficult to distinguish between 
PGR or cloning artifacts and actual allelic variations without additional sampling. However, 
when the same base difference is found in more than one sequence it is unlikely to be from 
cloning errors. From the alignment of all 1 1 PBGD sequences a set of common bases 
emerged, the consensus or wild type allele sequence. Five of the eight clones (1.1, 1.3, 

35 2.1, 3.3, and 5.3.) have the wild type amino acid sequence. Within this set with wild type 
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amino acid sequence, there is only one difference at the nucleic acid level. At position 555, 
4 of the 5 sequences have a dGTP while 1 along with the published erythropoietic and 
genomic PBGD have a dTTR These appear to be two common alleles, which result in no 
amino acid difference. There are 2 base changes between clone number 1.1 and the 
5 published erythropoietic PBGD. An adenine to guanine change at base 513 (Leu 171) is a 
silent mutation, which is also present in 9 out of the 1 1 sequences, compared. The second 
difference is a cytosine to adenine substitution at base 995 (Thr 332.) This is not a silent 
change, with a threonine to asparagine non-conservative mutation. It appears however that 
the difference is an error in the published erythropoietic PBGD sequence since all 10 other 
10 sequences have an adenine at this position. In addition to these natural variations, there 
are three additional silent mutations introduced during the cloning at positions 1017, 1018 
and 1020 to create a Mun I site for future manipulations. The PBGD gene was ligated into 
pBluescript SK plasmid generating the pSK-PBGD 3988 bp plasmid, which was 
sequenced. 

45 

Conclusion: 

For any recombinant therapeutic protein it is important that the wild type allele be used to 
reduce the potential for immunogenicity. We feel confident through our survey of the 

20 literature and analysis of PBGD sequence from different individuals that clone number 1.1 
. represents the most prevalent "wild type" allele in the population with respect to amino acid 
sequence. Clone number 1.1 contains the consensus wild type amino acid sequence and 
differs from the published erythropoietic PBGD sequence by only one amino acid. Because 
this difference is found in all the other PBGD clones besides the erythropoietic PBGD 

25 sequence, it, rather than the published erythropoietic sequence, is deemed to be the 
prevalent wild type sequence. For this reason PBGD encoded by clone number 1.1 was 
chosen for production of recombinant human porphobilinogen deaminase (rhPBGD). In the 
following, the plasmid encoding the human wild type PBGD in clone number 1.1 will be 
termed n pPBGD1.r. 

30 

Equipment and supplies lists are shown in appendix 1 and 2, respectively. 



Appendix 1 Equipment list 



Item 


Manufacturer 


Serial Number 


Pipetman P-1000 


Gilson 


N55287E 
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Pipetman P-200 


Gilson 


N52324E 


Pipetman P-20 


Gilson 


N53465M 


Pipetman P-10 


Gilson 


P626586 


5415C centrifuge 


Eppendorf 


5415B68381 


GS-6KR centrifuge 


Beckman 


NGD97J18 


Avanti J-25 I centrifuge 


Beckman 


JJYQ7 J14 


DU 640B Spectrophotometer 


Beckman 


439*3015 


Genie II vortex 


VWR 


9-941 1ftfi 

^- -fc*T 1 1 OO 


GeneAmp PCR system 2400 


Perkin Elmer (PE) 1 
Applied Biosvstems fABH 


80^Nfi09i Qn^ 


GeneAmp PCR system 2400 


PE/ABI 


803S7100104 


GeneAmp PCR system 9700 


PE/ABI 


8055571 91 5fifi 

vUJO / | £. 1 ODD 


1545 incubator 


VWR 


0902597 


heat block 1 


VWR 


0795 


heat block 1 


VWR 


0511 


Gene Pulser II Apparatus 


BioRad 


340RR9745 


Pulse Controller Plus 


BioRad 


339BR1377 


Power Pac 1000 


BioRad 


986RR00770 


Sub Cell 


BioRad 




Wide-Mini Sub Cell 


BioRad 


09S/7Q51 


Foto/Prep transilluminator 


Fotodyne 


PTG1 -09Q7-9R^1 


Elutrap Electro-separator 


Schleicher + Schuell 


Order No. 57880 


Innova 4000 incubator 


New Brunswick Scientific 


890165366 


Power Mac G3 computer 


Macintosh 


XA8061A3BBW 


Trinitron Multiscan 200GS monitor 


Sony 


8057052 


DNA analysis Software: Geneworks 


Intelligenetics 


Version 2.5.1 



Appendix 2 Supplies List 

5 



Item 


Supplier 


Cat No. 


Lot No. 


Human Spleen Poly A+ RNA 


Clontech 


6542-1 


7120266 


Human Bone Marrow Poly A+ 


Clontech 


6573-1 


56714 
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RNA 








Human Lung Poly A+ RNA 


Clontech 


6524-1 


7050104 


Human Lymph Node Poly A+ 
RNA 


Clontech 


6594-1 


6120292 


Human Brain Poly A+ RNA 


Clontech 


6516-1 


63101 


Human Adipose Total RNA 


Clontech 


D6005-01 


7907005 


Superscript II reverse 
transcriptase 


Gibco/BRL 


18064-014 


JM6418 


100 mM dNTP set 


Pharmacia 


27-2035-01 


607203501 1 


pBluescriptll SK- phagemid 


Stratagene 


212206 


0270702 


Advantage cDNA polymerase 
mix 


Clontech 


8417-1 


8060354 


GeneAmp dNTP 


PE/ABI 


N-808-0007 


H0172.4.H0553 


Xba-I endonuclease 


New England 
Biolabs (NEB) 


145S 


30 


Pvu-ll endonuclease 


NEB 


151L 


14 


EcoR-l endonuclease 


NEB 


101L 


25 


Hind-Ill endonuclease 


NEB 


104S 


49 


Tris six-Pack "C" 


Sigma 


T-PAC-C 


77H9049 


0.5 M EDTA pH 8.0 


Sigma 


E-7889 


16H8924 


Chromaspin TE 400 


Clontech 


K1 323-1 


7090795 


Chromaspin 400 DepC dH 2 0 


Clontech 


K1 333-1 


7040086 


Quiaquick gel extraction kit 


Qiagen 


28704 


BY97017/0397/119 


Microcon-30 


Amicon 


42410 


L8JM4330B 


Microcon-100 


Amicon 


42413 


L8DM3296A 
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Micropure 0.22pm 


Amicon 


42544 


CCB017 


Seakem GTG agarose 


FMC 


50074 


709397 


100 bp DNA Ladder 


NEB 


323-1 


3 


123 bp DNA Ladder 


Gibco/BRL 


15613-029 


JK9706 


T4 DNA Ligase 


NEB 


202S 


64 


Ampicillin 


Sigma 


A-9518 


76H0434 


LB media 


Gibco/BRL 


12795-084 


12E1072B 


Bacto Agar 


Difco 


0140-07-4 


106728JA 


DH10B electromax 


Gibco/BRL 


18290-015 


KHN430 


SOC media 


Gibco/BRL 


15544-042 


1010351 


Taq polymerase 


Fisher 


FB-6000-15 


H0436 


TaqStart antibody 


Clontech 


5400-1 


6070479 


Qiafilter Midi DNA isolation kit 


Qiagen 


12243 


PO No. 514 


Isopropanol 


Sigma 


1-9516 


47H3724 


Big Dye terminator cycle 
sequencing lot 


PE/ABI 


4303152 


9803008 



Table 1 Oligonucle otide primers used for PCR amplification and sequencing of PBGD: 

5 lco375-pbgds (32 mer) coding region 5' end w/ EcoRI site sense 
5* CGT GGA ATT CAT GAG AGT GAT TCG CGT GGG TA 3' 



lco376-pbgda (47 mer) coding region 3'end w/ Hindlll site antisense 

5' GGA GAA GCT TAT TAA TGG GCA TCG TTC AAT TGC CGT GCA ACA TCC AG 3" 

10 

lco379-esnonc (20 mer) erythropoietic form non-coding sense 
5' TCG CCT CCC TCT AGT CTC TG 3* 

Ico380-sinter (21 mer) internal coding sense 
15 5* CAG CAG GAG TTC AGT GCC ATC 3' 

lco381-ainter (21 mer) internal coding antisense 
5' GAT GGC ACT GAA CTC CTG CTG 3* 
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lco382-anonc (20 mer) non-coding antisense 
5* CAG CAA CCC AGG CAT CTG TG 3* 

lco383-pSKT7 (22 mer) pBluescript T7 promoter 
5 5\ GTA ATA CGA CTC ACT ATA GGG C 3' 

lco384- pSKpjrev (22 mer) pBluescript reversel 
5' CTA AAG GGA ACA AAA GCT GGA G 3' 

10 lco385- pSKrev (21 mer) pBluescript reverse2 
5' CAG CTA TGA CCA TGA TTA CGC 3' 



Table 2 Variation of PBGD clones from published ervthroid sequence : 





Differences from 
Erythroid mRNA 




PBGD clone 


silent 


non- 
silent 


total 

diffs 


Genebank No. 


Reference/Source 


Erythroid 


0 


0 


0 


X04217 


Raich. N. et al. 1986, Nucleic Acids Res. 14 
(15). 5955-5968 


Constitutive 


1 


2 


3 


X04808 


Grandchamp.B. et. al. 1987, Eur. J. Biochem. 
162(1). 105-110 


Genomic 


1 


2 


3 


M95623 


Yoo,H.W. et al. 1993, Genomics 15 (1), 21- 
29 


1.1 


1 


1 


2 




Spleen (Clontech mRNA Lot No. 7120266) 


1.3 


2 


1 


3 




Spleen (Clontech mRNA) 


2.1 


2 


1 


3 




Bone Marrow (Clontech mRNA) 


2.2 


2 


2 


4 




Bone Marrow (Clontech mRNA) 


3.1 


2 


4 


6 




Lymph Node (Clontech mRNA) 


3.3 


3 


1 


4 




Lymph Node (Clontech mRNA) 


5.3 


2 


1 


3 




Total Brain (Clontech mRNA) 


6.1 


3 


2 


5 | 




Adipose Tissue (Clontech mRNA) 



15 

Table 2: 



Summary of the number of differences in amino acid sequence of our sequenced PBGD 
clones and clones from Genebank entries for the constitutive and genomic PBGD with 
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published Erythropoietic PBGD sequence. Shown in different columns are the total number 
of silent mutations with a DNA base change not causing a corresponding amino acid 
change, the number of non-silent mutations with a DNA change causing an amino acid 
difference and the sum of the two types of mutations. Not included in this table are the 
5 three silent mutations introduced into the clones to create an internal Mun I endonuclease 
cleavage site. Note that clone number 1.1 which will be used for production of recombinant 
human porphobilinogen deaminase (rhPBGD) has only one of each type of difference with 
the least number of total differences. 
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Expression plasmids 

Construction of the basic expression plasmid pExdO 

The basic expression plasmid pExpO was constructed by excising the PBGD coding 
5 sequence (cDMA) from plasmid pPBGD1.1 (see Figure 1) with EcoR I and Hind III and 
inserting it into the vector pKK223-3 (Pharmacia, Catalogue # 27-4935) cut with the same 
enzymes, thus operatively linking it to the IPTG-inducible tac promoter (Amann E. et al. 
1983, Gene 25(2-3): 167-1 78). Figure 1 shows the construction details. Plasmid pExpO was 
constructed for a preliminary assessment of the expression levels and does not directly 
1 0 lead to the construction of the final expression plasmid. 

Construction of the final expression plasmid 

The final expression plasmid pExp1-M2-BB (Figure 9) was constructed in a multi-step 
process. The individual steps used and all the intermediate plasmids are outlined below. 

Construction of plasmid pExpI 

Plasmid pExpl was first constructed with modifications to the 5' untranslated region and 
the initial part of the coding sequence both aimed at improving translation efficiencies (Gold 
L and Stormo G.D. 1990, Methods Enzymol 185:89-93). The changes are indicated below, 
and include, insertion of a second ribosome binding site, an AT-rich sequence preceding 
the ATG and three silent base substitutions shown in boldface. 

AATTCTAACA TAAGTTAAGG AGGAAAAAAA A ATG AGA GTT ATT CGT GTC GGT AC 

Met-Arg-Val-Ile-Arg-Val-Gly 
25 

A naturally occurring Kpn I site six amino acid residues into the coding sequence of the 
human cDNA for PBGD (pPBGD1.1) was exploited for this purpose. Oligonucleotides 
IC0386 and IC0387 were designed to provide upon annealing to each other a 5' EcoR I 
adhesive end and a 3' Kpn I sticky end and the elements described above including the 

30 codons for the first six amino acid residues as shown. Oligonucleotides IC0386 and 

IC0387 were annealed and ligated with the Kpn \-Hind III, PBGD fragment from pPBGDI.1 
into EcoR I -Hind III linearised pBluescript II SK- (Stratagene, Catalogue # 212206) to yield 
plasmid pPBGD1.1Tra. In the second step, the EcoR l-Hind III fragment from 
pPBGD1.1Tra was ligated into pKK223-3 cut with the same enzymes resulting in plasmid 

35 pExpl (Figures 4 and 5). 
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Construction of plasmid pExp1-M2 

The tetracycline resistance gene was next restored using the following strategy. Plasmid 
pExpl was cut with Sal I and BamH I and the 5349 base-pair fragment containing part of 
5 the tetracycline coding sequence and the bulk of the plasmid was isolated. Into this was 
ligated the Sal l-W/nd III fragment from pBR322 (New England BioLabs, Catalogue # 303- 
3S) containing rest of the coding sequence and an adapter formed by annealing 
oligonucleotides IC0424 and IC0425 to each other. The adapter contains part of the 
tetracycline promoter and provides Hind III and BamH I overhangs for ligation but destroys 
10 the Hind III and BamH I restriction sites. The resulting plasmid was called pExp1-M2 
(Figures 6 and 7). 

Construction of plasmid pExp1-M2-BB 

In the final step the rop gene contained between BsaA I and SsaBI was deleted to increase 
15 copy number (Makrides S.C. 1996, Microbiol. Rev. 60(3):51 2-538). For this the plasmid 
pExp1-M2 was cycled through the dam minus strain, JM110 (P [traD36 proA* proB* lacP A 
(lacZ)M15J dam dcm supE44 hsdR1 7 thi leu thr rpsL lacY galK galT am tonA tsx A (lao 
proAB) lambda') as restriction with 8saB I is blocked by overlapping dam methylation. It 
was then cut with BsaA I and BsaB I to excise the rop gene and the 5446 base-pairs long 
20 linear fragment was circularised by blunt-end ligation to yield the production plasmid 
pExp1-M2-BB (Figures 8 and 9). 

Construction of the ftemOdeletion host and the final expression strain 

The parent strain JM105 (F' [traD36 proA+ proB+ lacl* A(lacZ)M15J A(pro-lac) hsdR4 

sbcB15 rpsL thi endA1 lambda'), a derivative of £ coli K12 was obtained from Parmacia, 

25 Catalogue # 27-1 550-01 . The hemC gene coding for the endogenous E. coli 

Porphobilinogen Deaminase was partially deleted. This was necessary to ensure that the 
purified product (rhPBGD) was free from contaminating E. coli PBGD as the E. coli and 
human enzymes are very similar in properties (Jordan P.M. 1994, Wiley, Chichester (Ciba 
Found Symp 180), p70-96) and may co-purify. The /jemC-deletion host was derived from 

30 JM105 according to Scheme A. First a hemin-permeable variant was obtained by a three- 
step process. This was essential as a A?emC-deletion mutant would require hemin for good 
growth and E. coli K12 strains are not freely permeable to hemin. 

Scheme A. Scheme for obtaining /?e/nC-deletion strain: 



35 
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hemC* (JM105) 

| Selection on LB + glucose + G-418 

hemC*, heme" (JM1 05-2-4) 

| Selection on LB + hemin 

hernC*. heme', hemin-permeable (JM105-H) 



I 



Selection on LB 



hemC*, hemin-permeable (JM105-H-R6) 



Transformation with linear-DNA fragment*, 
selection on LB + glucose + hemin + chloramphenicol 



hemC. hemin-permeable, cam R (JM105-H-R6-C) 



All mutant isolation was spontaneous. Approximately 5x10--5x10- 9 cells were plated on 
5 selective media. The media compositions are included as Appended. 

* For details on the linear DNA-fragment see Figure 1 1 . 

In the first step, a heme-minus mutant was isolated carrying a defect in any of the 
10 biosynthetic steps leading to the formation of heme. Heme" strains fall into the genera, 
class of respiration deficient mutants that are defective in active transport and 
consequently resistant to low levels of antibiotics of the aminoglycoside family such as 
gentamicin (Lewis L.A. et al. 1991, Microbiol.lmmunol. 35(4):289-301). Several 
spontaneous mutants were isolated as a dwarf colonies on LB + glucose +G-41 8 



SUBSTITUTE SHEET (RULE 26) 



, ^ nt ~ - PCT/DK00/00425 
WO 01/07065 

30 



(gentamicin)-containing plates (Lewis L.A. et al. 1991. Microbiol.lmmunol. 35(4):289-301). 
These were screened for their ability to respond weakly to hemin. indicating that they were 
heme" (as opposed to other respiration deficient mutants which would not respond to hemin 
at ail). One such heme-strain (JM1 05-2-4, see Scheme A) which could also revert back 

5 spontaneously to robust growth on LB (as this is essential for the third step, see below) 
was selected. This strain was next plated on LB+hemin to obtain a better grower in the 
presence of hemin and was called JM105-H. It showed improved growth only in the 
presence of hemin, which meant that it still was heme" but had become hemin-permeable. 
To restore the functionality of the heme biosynthetic pathway in JM105-H, spontaneous 

1 0 revertants were isolated on LB plates and only those retained which resembled the starting 
strain JM105 in growth, both untransformed and after transformation with the expression 
plasmid. One such strain used in this study was called JM105-H-R6 and should have 
retained the heme-permeable trait of its parent strain. 

1 5 Strain JM105-H-R6 was transformed with the EcoR \-Hind III fragment (see Scheme A), to 
obtain the /?eroC-deletion host called JM105-H-R6-C by homologous gene replacement. 
This strain has the genotye, F[traD36 P roA+proB+ lacf A(lacZ)M15] A(pro~lac) hsdR4 
sbcB15 rpsL thi endA1 lambda' hemO.CM hemin-permeable. It was transformed with the 
expression plasmid P Exp1-M2-BB to yield the final production strain PBGD-2 (PBGD-2 

20 was deposited under the Budapest Treaty on 9 July 1 999 with DSMZ (Deutsche Sammlung 
von Mikroorganismen und Zellkulturen, GmbH, Mascheroder Weg 1b, D-38124 
Braunschweig, Germany) under the accession No. DSM 12915). 

In order to obtain the EcoR l-Hind III fragment, a multiple PCR strategy was used. 

25 Olignucleotide pairs I0O437, 10O438 and ICO505, ICO440 were used to amplify 

separately, portions of E. coli JM105 genomic DNA segments flanking the hemC gene (see 
Figure 10). These amplified gene products were digested with pairs of enzymes EcoR I, 
Xho I and Xho I, Hind III respectively, and in essence, assembled together between the 
EcoR I and Hind III sites of pUC19 to give plasmid phemCd. Next the fragment containing 

30 the chloramphenicol-resistance gene was PCR amplified from plasmid pBC SK+ 
(Stratagene, Catalogue # 212215) using oligonucleotides ICO510 and IC051 1 . This 
product was cut with Xho I and inserted into plasmid phemCd at the Xho I site. In essence, 
the plasmid having the Cam gene in the orientation shown was called phemCdCm and 
formed the source of the EcoR l-Hind III linear DNA-fragment depicted in Figure 1 1 . 

35 
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In Figure 1 1 the structure of the linear DNA-fragment used for the transformation is shown. 
The genetic organization of the E. coli polypeptides depicted by gray arrows (cyaA, heme- 
s', hemC-3*, hemX and hemD) is derived from the GenBank report Accession number 
AE000456. The black arrow represents the 767 base-pairs long PCR fragment carrying the 
5 cholamphenicol-resistance gene (Cam), encoding chloamphenicol acetyltransferase (CAT), 
replacing 806 base-pairs of the hemC coding sequence. HemC-5' and hemC-3' correspond 
to 149 and 16 base-pairs respectively, of the coding sequence of the disrupted hemC 
gene. EcoR I, Xho I and Hind III are engineered restriction sites. The sequence of this 3225 
base-pairs long fragment is shown in Seq. ID NO 2. The two Xho I sites are at positions 
10 1072 and 1839 in the sequence, respectively. 

Table 4 Oligonucleotide primers used in the construction of the production strain PBGD-2 

IC0386 (54 mer) Construction of plasmid pExpl 
1 5 5' AAT TCT AAC ATA AGT TAA GGA GGA AAA AAA AAT GAG AGT TAT TCG TGT CGG 
TAC 3' 

IC0387 (46 mer) Construction of plasmid pExpl 

5' CGA CAC GAA TAA CTC TCA TTT TTT TTT CCT CCT TAA CTT ATG TTA G 3' 

20 

IC0424 (32 mer) Construction of plasmid pExp1-M2 
5' GAT CAC TCA TGT TTG ACA GCT TAT CAT CGA TT 3* 

IC0425 (31 mer) Construction of plasmid pExp1-M2 
25 5' AGC TAA TCG ATG ATA AGC GTC AAA CAT GAG T3' 

IC0437 (32 mer) Amplification of product P1 

5' AGT CAG AAT TCA GAC GCA CGG CGG TAC GAT AA 3' 

30 IC0438 (32 mer) Amplification of product P1 
5' ATT CAC TCG AGG TCA CCA TCG GTA CCA GTT CA 3' 

ICO440 (32 mer) Amplification of product P2 

5' AGA TCA AGC TTC GGC CAG ACG CAG GTT ATC TA 3' 

35 
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ICO505 (34 mer) Amplification of product P2 

5* ATA CAC TCG AGA CCG GCA TGA GTA TCC TTG TCA C 3' 

ICO510 (30 mer) Amplification of Cam gene 
5 5' ACT GAC CTC GAG CGG CAC GTA AGA GGT TCC 3' 

IC051 1 (29 mer) Amplification of Cam gene 
5* ACT GAA CTC GAG AAT TAC GCC CCG CCC TG 3* 

10 Accordingly, the cDNA used for expressing rhPBGD was derived from plasmid pPBGD1.1. 
The starting host strain was derived from JM105 and is called JM105-H-R6-C. The 
genotype and the details on its construction are described above. A large part of the coding 
region of the hemC gene was replaced by the Cam gene, encoding chloramphenicol 
acetyltransferase. This gene replacement was confirmed by PCR amplification of the 

15 segment of the E. co// genome followed by restriction analysis of the amplified product. As 
a result of the gene replacement, the strain is resistant to chloramphenicol and grows 
extremely poorly on LB medium. Growth improves when LB medium is supplemented with 
hemin. 

20 Expression construct 

The expression plasmid in the final production strain is pExp1-M2-BB. Its construction is 
described above. A detailed map of the plasmid showing the open reading frames and 
functionally relevant regions is shown in Figure 9. The complete DNA sequence is included 
in Seq. ID NO 1. All synthetic adapters and linkers used during the construction have been 

25 sequenced along with all junctions created during ligation which directly impinge upon the 
expression of the cloned gene. 

Production strain 

The final production strain is called PBGD-2. It was obtained by introducing the expression 
30 plasmid pExp1-M2-BB into the host strain JM105-H-R6-C, essentially, by rendering the 
cells competent with 100mM CaCI 2 (Morrison DA. 1979, Methods.Enzymol. 68:326-331) 
and selecting for transformants on LB + ampicillin media at 30°C. The plasmid is a 
derivative of pBR322 without the nop gene and should be present extrachromosomally in 
moderate copy number at 30°C with a slightly higher copy number at elevated 
35 temperatures 37°C and greater (Makrides S.C. 1996, Microbiol. Rev. 60(3):51 2-538). It has 
both the ampicillin and tetracycline resistance genes as selectable markers. It also 
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expresses rhPBGD which can complement the hemC defect of the host strain. As a result, 
the production strain should grow normally on LB/M9 media, be resistant to the antibiotics 
ampicillin and tetracycline and also be resistant to the antibiotic chloramphenicol (because 
of the presence of the Cam gene in the genome). It was confirmed to have all these 
5 characteristics. 

Expression 

The expression of rhPBGD is driven by the tac promoter which is regulated by the copy of 
the lacP gene present in the host. Due to the modifications made to the system as 
1 0 described in the study plan, the uninduced level of expression is 1 .8 units/mg (see 
Appendix 3 for assay details), which amounts to approximately 10% of the total soluble 
protein. The culture is grown throughout at 30°C and no induction step is used to increase 
expression. 

Evaluation and conclusions 

1 5 The expression system developed for the production of rhPBGD in £. coli is a stable 
system, producing good amounts of rhPBGD in a constitutive manner when the cells are 
grown at 30°C. The host strain employed is partially deleted for the gene producing the 
endogenous E. coli porhobilinogen deaminase. After transformation with the expression 
plasmid, the resulting production strain PBGD-2 grows as well as the strain PBGD-1 (which 

20 is JM105 carrying the same expression plasmid) and makes the same amount of rhPBGD. 

Alternative expression construct: 

Expression plasmid pExp1-M2-Puc-BB and expression of rhPBGD in E. coli 

25 

The plasmid pExp1-M2 was digested with Pvu I and Afl III and the larger of the two 
fragments corresponding to a size of 4745 base-pairs was isolated. This was ligated to the 
1257 base-pairs long Pvu l-Afllll fragment derived from pUC19 containing the origin of 
replication and part of the ampicillin resistance gene to obtain plasmid pExp1-M2-Puc. This 
30 was passaged through JM1 1 0 and cut with BsaA1 and BsaB1 to excise the rom gene 
contained between the two sites and blunt-ended together to yield the final expression 
plasmid pExp1-M2-Puc-BB. The pExp1-M2-PuoBB plasmid has been fully sequenced 
and differs from pExp1-M2-BB only in that C in position 2769 is T in pExp1-M2-Puc-BB. 

35 Expression of rhPBGD in E. coli 



SUBSTITUTE SHEET (RULE 26) 



WO 01/07065 



34 



PCT/DK00/00425 



The £, co//' K1 2 host strain JM105 genotype endA thi rpsL sbcB15 hsdR4 A(lac-proAB) 
[F'traD36 proAB lacl q A(lacZ)M15 J containing the expression plasmid pExp1-M2-Puc-BB 
was grown in LB broth containing 100 ng/ml ampicillin at to mid-log phase at 30°C from a 1 
to 40 dilution of an overnight inoculum. The culture was then split into three and growth 
5 was continued for another 4 hours at 30°C, 37°C and 42°C respectively. Cells were spun 
down from 1 ml samples and frozen at -20°C. The thawed cell pellets were resuspended in 
200-300 yd of B-PER reagent PIERCE Cat. # 78243, incubated at room temperature for 10 
minutes, spun at 16,000 for 10 minutes and PBGD activity was determined in the 
supematants. Total protein was estimated by the Bradford method using the BioRad 
10 reagent Cat # 500-0006 and bovine serum albumin as stsndard. The specific activities in 
the crude lysates obtained at the three growth temperatures are tabulated below. The 
results clearly show an increase of PBGD units/mg with increasing temperature in the 
range from 30°C to 40°C. 

15 Temperature PBGD Units/mg 

30°C 363 

37°C 573 

42°C 1080 

20 Other Production Systems For rhPBGD 

For yeast production, the PBGD coding sequence can be inserted into a plasmid vector, for 
example YEP type, containing 2 u circular DNA (Ori) origin for high expression in yeast. 
YEP plasmids contain TRP 1 and URA 3 as markers for selective maintenance in trp1-, ura 
25 3-yeast strains. 



Alternatively, the PBGD gene can be inserted in bovine papilloma virus vectors BPV for 
high expression in a murine cell line C-127 (Stephens P.E. et. al. Biochem J. 248, 1-11, 
1987) or vectors compatible with expression in CHO cells or COS cells. 

30 

An expression of PBGD can be made intracellularly. 

A secretory signal in Saccharomyces, for example alpha-mating factor presequence, can 
be added in front of the rhPBGD structural gene for efficient secretion in yeast. 
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Similarly, a sequence encoding a mammalian signal peptide can be added for secretion of 
rhPBGD into the culture medium upon expression in for example CHO cells or COS cells. 

A bacterial promoter for example the tryptophane (trp) promoter or the lac promoter or 
5 alternatively an alkaline phosphatase promoter, should be inserted before the PBGD 
coding region for efficient transcription in prokaryotes for example E. coli. 

A yeast promoter for example 3-phosphoglycerate kinase (PGK) or chelatin or alpha- 
mating factor should be inserted before the PBGD coding region for efficient transcription in 
1 0 yeast for example Saccharomyces cerevesiae or Saccharomyces pombe. 

A mammalian promoter for example Metallothionin-1 (MT-1) or Aspartate 
transcarbamylase or Dihydrofolate reductase (DHFR) should be inserted before the PBGD 
coding region for efficient transcription in mammalian cell lines for example CHO cells or 
15 COS cells. 

The yeast plasmid (Y-G&F-PBGD) containing a yeast promoter, signal and/or ATG codon 
(methionine) in front of the PBGD coding region and a yeast vector containing selectable 
markers such URA 3 or TRP 1 will be transformed into the yeast host cell such as 
20 Saccharomyces cerevesiae or Saccharomyces pombe for production of rhPBGD. 

The mammalian plasmid (M-G&F-PBGD) containing a mammalian promoter for example 
Metallothionine-1 or Dihydrofolate reductase and a mammalian signal sequence or an ATG 
codon in front of the PBGD coding region and vector pAT or pSV2 respectively. Plasmid 
25 (M-G&F PBGD) may be transfected into a mammalian cell line for example CHO cells, for 
production of rhPBGD. 

The E. coli cell containing plasmid (pExpl or pExp1-M2 Puc-BB), may be fermented to 
stationary phase between 24-48 hours, in a medium containing casein hydrolysate, or 
30 yeast extract, glucose, vitamins and salts. pH oxygen may be monitored by electrodes 
during fermentation. Temperature will be kept at 37 +/- 2 C during the fermentation. 

The yeast cell containing the plasmid (Y-G&F-PBGD), may be fermented to late log phase 
between 20-40 hours in a medium containing yeast extract, glucose, salts and vitamins. pH 
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and temperature will be monitored by specific electrodes during fermentation. Temperature 
will be kept at 30+/- 2 C during fermentation. 

The mammalian cell line containing the plasmid (M-G&F-PBGD) may be fermented in a 
5 medium containing, foetal calf serum (or serum free), vitamins, glucose, antibiotics, growth 
factors. pH and temperature will be monitored continuously during fermentation by specific 
electrodes. 

Fermentation and Purification 

10 rhPBGD may be recovered from E. coli after fermentation by an extraction procedure 
involving for example ribipress, sonication, osmotic shock or total solubilization by 
detergent for example Tween 80, Triton X-100 or Brij. rhPBGD will be recovered from 
fermentation medium after production in yeast or from a total cellular extract using 
detergents such as Triton X-100, Tween 80 or Brij. rhPBGD will be recovered from 

15 mammalian culture medium or from a total cellular extract by ion-exchange 
chromatography or affinity chromatography. 

rhPBGD may be purified from E. coli extract or from yeast medium or total cellular extract 
or from mammalian culture medium or total mammalian cellular extract by binding to an 
20 ion-exchange column for example DEAE-Sepharose or MonoQ-Sepharose and eluted with 
for example NaCI and Sodium phosphate buffer pH 7-8 or the corresponding potassium 
salts. 

Alternatively, rhPBGD may be recovered from extracts by binding to an affinity 
25 chromatography column for example an anti-PBGD affinity column. rhPBGD will be eluted 
by lowering the pH to 4-2, or a thiol specific affinity column. rhPBGD has been "tagged" 
with thiols residues when a thiol affinity column step is used. Thiols will be removed by a 
specific enzymatic cleavage step to generate authentic rhPBGD. 

30 The ion-exchange or affinity purified rhPBGD will be further purified by hydrophobic 

interaction chromatography on for example, TSK Phenyl 5 PW column or Octyl-Sepharose 
or Phenyl-Sepharose columns. 

Binding of rhPBGD may be done at high ionic strength for example in 10-50 mM Tris-HCI 
35 pH 7-8, 1M NaCI or 10-15 mM Sodium phosphate pH 7-8, 0.5 M MgSQ 4 and eluted by 
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lowering the ionic strength for example with 10-50 mM Tris-HCI pH 7-8 or 10-50 mM 
Sodium phosphate pH 7-8. 

Three hydrophobic interaction steps will be applied consecutively. 

5 

rhPBGD is further purified with preparative RP-HPLC for example C12 or C18 matrixes. 
The rhPBGD is be eluted from the column by a gradient of 10-50 mM Sodium phosphate 
and 1-10% acetonitrile buffer. 

10 Formulation of rhPBGD is done by passing the enzyme over a G-100 Sephadex column 
and eluting it in an isotonic solution for example 0.9%NaCI and 10-50mM Sodium 
phosphate pH7.0 +/- 0.5 or Sodium phosphate, glycin, mannitol or the corresponding 
potassium salts. 

15 For the preparation of a medicament, the formulation solution of rhPBGD may be sterile 
filtered and filled aseptically in glass vials and lyophilised. 

Alternatively, the sterile filtered rhPBGD solution is formulated in for example, lipid vesicles 
constituting phosphatidylcholine or phosphatidylethanolamine or combinations of these or 
20 incorporated into erythrocyte ghosts. 

Reconstitution of lyophilised rhPBGD may be done in water for injection. 

Alternatively, rhPBGD is formulated in a sustained release formulation involving a 
25 biodegradable microspheres, for example in polylactic acid, polyglycolic acid or mixtures of 



Alternatively, rhPBGD is lyophilized in a two-compartment cartridge, where rhPBGD will be 
in the front compartment and water for reconstitution in the rear compartment. This two 
30 compartment cartridge may be combined with an injection device to administer either 
rhPBGD by a needle or needle less (by high pressure) device. 

Alternatively, rhPBGD may be formulated in a physiological buffer containing an enhancer 
for nasal administration. 

35 



these. 
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Alternatively, rhPBGD is formulated in an oral formulation containing for example, lipid 
vesicles (phospatidylcholine, phosphatidylethanolamine, sphingomyeline) ordextrane 
microspheres. 

5 Although recombinant production of PBGD is preferred for the treatment of AIP, it can 
alternatively be produced from human red blood cells. 

A general production and manufacturing of recombinant PBGD may be done by the 
following steps. 

10 

Recombinant PBGD production process; an outline 

A: Fermentation 

1. Master cell bank 
15 2. Working cell bank 

3. Production of seed culture 

4. Fermentation in large fermenter (250 L >) 

B. Purification 

20 1 . Cell concentration by filtration/centrifugation 

2. Cell disruption 

3. Ultrafiltration 

A. Chromatography ion exchange, DEAE-Sepharose, MonoQ-Sepharose 

5. Hydrophobic interaction chromatography (Octyl/phenyl-Sepharose, TSK Phenyl, 5PW, 
25 Phenyl -Sepharose 

6. Chromatography ion exchange (MonoQ) 

7. Formulation by Gel filtration Sephadex G-100 

C. Manufacturing 
30 1. Sterile filtration 

2. Aseptic filling 

3. Lyophilization 



35 
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Treatment of other porphyrias 

In analogy with the new treatment of AIP patients with (recombinant) PBGD, hepatic 
Porphyrias such as ALA deficiency Porphyria (ADP), Porphyria cutanea tarda (PCT). 
5 Hereditary Coproporphyria (HCP) and Variegata Porphyria (VP) can benefit from 
substitution therapy by rALA dehydratase, rUroporphyrinogen decarboxylase, 
rCoproporphyrinogen oxidase and rProtoporphyrinogen oxidase, respectively. 

Patients having Erythropoetic Porphyrias such as Congenital erythropoietic Porphyria 
1 0 (CEP) or Erythropoietic protoporphyria (EPP) will benefit from substitution therapy with 
rUroporphyrinogen III syntetase and rFerrochelatase, respectively. 

Hepatoerythropoietic Porphyrias e.g. Hepatoerythropoietic Porphyrias(HEP) can be treated 
with rUroporphyrinogen decarboxylase. 

15 

All porphyrias can be treated by the administration of the enzymatic activity lacking or 
being reduced (normally 50%) in any of the eight steps in the heme biosynthetic 
pathway as described above. 

20 The substitution of the enzymatic activity can be achieved by adding the corresponding 
recombinant enzyme or other molecules that will provide the missing enzymatic activity. 

Gene therapy as an alternative treatment for patients wiht acute intermittent 
porphyria (AIP) 

25 

The human enzyme Porphobilinogen deaminase PBGD is coded for by a single gene 
located on chromosome 1 1q 24. 

Mutations in this gene causes the disease Acute Intermittent Porphyria (AIP). The disease 
30 has been shown to be inhereted in an autosomal dominat way. 

Today over 100 mutations in the PBGD gene has been identified (Grandchamp B. J. 
Ganstroenterology and Hepathology, 11, 1046-1052, 1996, Table A) and the number is 
expected to increase when modem diagnostic systems based on screening programs will 
35 be applied more routinely in hospitals. A number of these mutations are shown in Table A. 
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Table A Reported mutations in the PBGD gene 



Position 



Mutation 



Consequences 



Reference 



Exon 1 

Intron 1 
Exon 3 

Exon 4 



Exon 5 

intron 5 
Exon 6 
Exon 7 

Intmn 7 
Exon 8 

Exon 9 



33 

33+1 

76 
77 

91 

97 

100 

100 

125 

163 
MA 
182 

210+1 

218*219 

277 
293 
331 

345-1 

346 
347 

445 
446 
446 
463 
470 



ATG->ATA 
GCG-+GCT 

gtg-»atg 

CGC-+TGC 
CGC-+CAC 

GCT-+GACT 
Del A 

CAG-+AAG 
CAG->TAG 
TTG-VTAG 

GCT->TCT 
DeIC 
Ins G 

gta-»ata 

Del AG 

GTT-^TTT 

AAG-»AGG 

GGA-*AGA 

cag->caa 

CGG-»TGG 
CGG-+CAG 

CGA-VTGA 
CGA-+CAA 
CGA-»CTA 
CAG-+TAG 
Ins A 



Translation impairment 
DS 

DS 

R26C 
R26H 

A31T 

Frameshrft 

Q34K 

Q34X 

L42X 

A55S 

Frameshrft 

Frameshrft 

DS (Del exon 5) 

Frameshrft 

V93F 
K98R 
G111R 

AS (Del exon 8) 

R116W 
R116Q 

R149X 
R149Q 
R149L 
Q155X 
Frameshrft 



18 
17 

16 

25 
26 

24 
25 
27 
25 
19 

24 
24 
24 

24 

24 

24 
25 
28 

29 

20 
30 

25 
31 
24 
32 
29 
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Table A cont. 



Position 



Mutation 



Consequences 



References 



lntron9 
Exon 10 



Exon 11 
intmn 11 
Exon 12 



499-1 

499 
500 
518 
530 
593 
604 
610 
612 



cag->caa AS (De! exon 10) 21 

CGG-VTGG R167W 33 

CGG-»CAG R167Q 27,34 

CGG->CAG R173Q 34 

CTG-+CGG L177R 27 

TGG->TAG W198X 19 

Del G Frameshift 35 

CAG->TAG Q204X 30 

CAG-+CAT DS (Del 9 bp exon 10) 31 



intmn 12 



625 


GAG-»AAG 


E209K 


28 


652-3 


cag-Kjag 


AS (Del exon 12) 


33 


667 


GAA->AAA 


E223K 


24 


673 


CGA-+GGA 


R225G 


25 


673 


CGA-»TGA 


R225X 


25 


713 


CTG->CGG 


L238R 


25 


715-716 


Del CA 


Frameshift 


19 


730-731 


Del CT 


Frameshift 


36 


734 


CTT-»CGT 


L245R 


31 


739 


TGC-*CGC 


C247R 


36 


740 


TGC-+TTC 


. C247F 


18 


742 


Ins 8 bp 


Frameshift 


24 


748 


GAA-*AAA 


E250K 


24 


754 


GCC->ACC 


A252T 


36 


755 


GCC-+GTC 


A252V 


36 


766 


CAC->AAC 


H256N 


27 


771 


CTG->CTA 


DS (Del exon 12) 


39 


771 


CTG-»CTC 


DS (Del exon 12) 


37 


771+1 


gta->ata 


DS (Del exon 12) 


19 
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Table A cont. 





Position 


Mutation 


Consequences 


References 


txon 10 


one 

QUO 


ACA-+ATA 


T269I 


30 




820 


GGG-»AGG 


G274R 


30 


Exon 14 


838 


GGA-*AGA 


G280R 






848 


TGG-VTAG 


W283X 


30 * 




886 


CAG->TAG 


Q296X 


25 




900 


DelT 


Frameshrfl 


31 


Intrvn 14 


912+1 


gta->ata 


DS (Del exon 14) 


28 


Exon 15 


1062 


InsC 


Frameshift 


38 




1073 


Del A 


Frameshrfl 


25 



In one further aspect, the present Invention relates to a therapeutic method for AIP patients 
based on gene therapy, preferably in combination with administration of a catalyst 
5 according to the present invention. The gene therapy treatment may involve the following 
steps: 

1. Identification mutations in the PBGD gene causing AIP in humans 

2. Selection of human PBGD cDNA sequence for gene therapy 
10 3. Construction of PBGD gene therapy vectors. 

4. Production of PBGD gene transfer vector 

5. Delivery system of PBGD gene transfer vector 



1. Identification of mutations in the PBGD gene causing AIP in humans 

15 

Patients having a point mutation in Exon 10 at position 593 TGG>TAG have a change in 
the amino acid sequence of the PBGD enzyme from W198X (stop codon). This mutation is 
carried by approximately 50 % of all AIP patients in Sweden (Lee JS. et al. Proc Natl. 
Acad. Sci. USA, 88, 10912-10915, and 1991). AIP patients with other mutations than 
20 W198X, which might also benefit from gene therapy, are given in Table A. 



2. Selectio n of human PBGD cDNA seouence for gene therapy 



There are two isoenzyme forms of human PBGD e.g. erythropoietic and the non- 
25 erythropoietic form, which are formed by an alternative splicing mechanism. 
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The non-erythropoietic form has a 17 amino acid extension on the N-terminal end of the 
erythropoietic PBGD form. 

Non-erythropoietic PBGD form (nPBGD): 
5 Met^er^ty-Asn^ly-Asn-Ala-Ala-Ala-Thr-Ala^lu^lu-Asn-Ser-Pro-Lys-Met-Arg-Val. . . . 

ATG-TCT^GT-AAC-GGC-ATT-^CG-GCT-GCA-ACG-GCG-GAA-GAA-AAC-AGC-CCA-AAG-ATG- 
AGA-GTG.. 

Erythropoietic PBGD form (ePBGD): 

10 

Met-Arg-Val- 
ATG-AGA-GTG. . . 

The nucleotide and amino acid sequence for human PBGD that will be used for gene 
15 therapy differs from that published by Raich N. et al. Nucl. Acid. Res. 14, 5955-5968, 1986 
in that the amino acid residue in position 332 is an Asn residue rather than Thr. In order to 
make the "wild type enzyme" and avoiding formation of antibodies the PBGD sequence has 
to contain an Asn residue in position 332. The cDNA sequence that will be used for the 
erythropoietic PBGD form is shown above. 

20 

Patient with a defect erythropoietic PBGD enzyme will be transfected with the 
erythropoietic PBGD cDNA sequence and patients with a defect in the non-erythropoietic 
form will be transfected with the non-erythropoietic cDNA sequence. 

25 3. Construction of PBGD gene therapy vectors 

Adenoviral vector system 

The vector is based on adenovirus type 5 (Ad5), containing three essential genetic loci 
E.g. E1 , E2. E4, encoding important regulatory proteins and one locus E3 which is non- 
30 essential for virus growth. Deletion of E1 A and E1 B region renders the virus replication 
deficient in vivo. Efficient complementation of the E1 function (recombinant viral stocks) 
can be obtained in an E1 expressing cell line such as human 293-cell line. 

The human PBGD cDNA will be inserted in an adenovirus vector system. 
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The PBGD transgenes will be driven by the endogenous PBGD promoter or a cytolomega 
virus promoter (CMV). 

Retroviral vectors 

5 Retroviral vectors are well suited for gene delivery for several reasons: 

1. simplicity 

2. capacity to integrate up to 8kbp DNA inserts 

3. their safety, non pathogenic to humans 

4. easy to improve and manipulate 
10 5. defined integration sites of genes 

6. long term regulated expression 

One major disadvantage with the retroviral vectors though, is that they can only transduce 
dividing cells. 

15 

Most common retroviridae considered for gene therapy, are the lentiviridae and the 
mammalian C-type viridae. Other type retroviruses have also been considered. One such 
example, is a Moloney-murine leukemia retrovirus (Mo-MLV), which has been successfully 
used to transduce mouse and human fibroblasts with the uroporphyrinogen III synthetase 
20 (UROIIIS). (Moreau-Gaudry et al. Human Gene Therapy 6, 13-20,1995). 

The expression of the UROIIIS gene was driven by long terminal repeat (LTR). The 
UROIIIS cDNA was also successfully transduced by the retrovirus vectors into human 
peripheral blood progenitor cells. 

25 

The erythropoietic PBGD cDNA sequence can be inserted in a retrovirus vector LXSN 
(Miller et al BioTechniques 7, 980-990, 1 989) and pMFG ( Dranoff et al. Proc. Natl. 
Acad.Sci. USA. 90,3539-3543, 1993). This will lead to the following constructs e.g. LePSN 
and pMFG-ePBGD, respectively. 
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LePSN: 

> 1032 bp < 
LTR / cDIMA ePBGD / SV40 / Neo / LTR 

5 

pMFG-ePBGD: 

> 1032 bp < 
LTR / cDNAePBGD/ LTR 

10 

For transduction of non-erythropoietic tissues the non-erythropoietic cDNA (See sequence 
12) will be inserted in the LSXN vector and the pMFG vector resulting in the LSnPN and 
pMFG-nPBGD vectors, respectively. 

15 LnPSN: 

> 1083 bp < 
LTR / cDNA nPBGD/ SV40 / Neo / LTR 

20 pMFG-nPBGD: 

> 1083 bp < 
LTR / cDNAnPBGD/ LTR 

25 The LePSN and LnPSN vectors can be converted to the corresponding virus by transfer 
into an appropriate host cell line e.g. Y CRE as described by (Danos et al. Proc. Natl. 
Acad. Sci. USA. 85, 6460-6464, 1988). Filtered supematants from ectopic virus producing 
cells were added to amphotropic cells *F CRIP, in the presence of Polybrene. Clones can 
be isolated and tested for virus. Clones that show titers over 1 .000.000 cfu/ml will be saved 

30 (resistant to G418). The LnPSN vector will be cotransfected with the pMCI-Neo plasmid 
(Pharmacia, Sweden) into the packaging cell line ¥ CRIP. Clones that shows integration of 
provirus and high expression levels of message will be selected. 

Filtrate from supematants from virus producing cells (erythropoietic PBGD form) can be 
35 mixed with Polybrene and incubated with peripheral blood progenitor cells (bone marrow 
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transplant) from an AlP patient for several hours. The transduced progenitor cells can then 
be transplanted back into an AlP patient. 

The success of the treatment will be measured as the increase in the PBGD activity in 
5 erythrocytes and reduced excretion of ALA and PBG in the urine. Clinically a success of 
the treatment can be evaluated as a reduction of frequency of spontaneous acute attacks 
or drug-induced attacks. This will be a more convenient way of administering the 
recombinant PBGD enzyme than regular injections. The efficacy of the therapy can be 
evaluated by measuring the PBGD activity in blood and reduced excretion of PBG and ALA 
10 in the urine. Clinically, a successful treatment should result in less number of acute attacks 
or preferably no more attacks. 

Associated Adenovirus system (AAV) 

AAV is a non-pathogenic human virus (Parvovirus) carried by more than 80% of all people. 

15 The advantage with AAV as compared to retroviral systems is that AAV can transduce both 
dividing and non-dividing cells. The virus genome, which is small, contains two Inverted 
Therminal Repeats (ITR) and a REP and CAP functions. The REP and CAP functions can 
be deleted and exogenous cDNA inserted. Construction of an AAV vector containing the 
erythropoietic PBGD cDNA can be made. This AAV/PBGD vector will be suitable to 

20 transduce AlP patient's bone muscle cells, as a " muscle factory" for PBGD enzyme 
production The PBGD cDNA will be engineered in such a way that a signal sequence for 
secretion will be added on the 5'-end of the cDNA. This will allow the erythropoietic PBGD 
enzyme to become secreted from the muscle cells into the blood stream. By this system 
patients will receive a constant delivery of active PBGD enzyme into the bloodstream. 

25 which will metabolize PBG thereby avoiding acute attacks. 

- Non-erythropoietic 

Alternatively, liver cells can be transduced with AAV containing the non-erythropoietic 
PBGD cDNA. The construct will be engineered in such a way that the translated PBGD 

30 enzyme will remain intracellular e.g. contain a Met residue at the N-terminal end of the 
PBGD enzyme without a signal sequence for secretion in mammalian cells. The PBGD 
transgene will be transcribed and translated into new PBGD enzymes that will remam 
intracellular*. Levels of new PBGD enzymes made in the liver will be normalized the 
PBGD activity to 100%. AlP patients have usually reduced PBGD activity (50-80%) in the 

35 liver depending on the mutation and individual variations. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/07065 



PCT/DK00/00425 



47 

This treatment would aliviate the clinical symptom e.g. acute attacks with abdominal pain 
and reduce excretion of PBG and ALA in the urine. The AAV containing the non- 
erythropoietic PBGD form can also be used to correct the genetic defect in other cell types 
5 such as neuronal tissue, pancreas spleen e.g. norverythropoietic tissue, by a similar 
mechanism. 

- Erythropoietic 

The erythropoietic PBGD cDNA can be inserted in an AAV vector and used to transduce 
10 erythropoietic cells and stem cells in AIP patients, having a mutation affecting the 
erythropoietic form of PBGD. 

4. Production of PBGD gene transfer vector 

15 Adenovirus have approximately 36 kbp double stranded DNA, containing three essential 
early gene loci (E1, E2, and E4) encoding important regulatory proteins. Loci E3 codes for 
a gene product that block immune response to virus infected cells in vivo. The PBGD gene 
transfer adenovirus vector can be produced by deleting the E1 and E3 loci. The PBGD 
gene cassette is inserted in that position instead. The virus will be replication defective 

20 when the E1 locus has been deleted. Efficient E1 complementation and thus high yield of 
recombinant virus vector (PBGD) can be obtained in an E1 expressing cell line, such as 
the human 293 cell line. (Graham, F. et al. 1977, Characteristics of a human cell line 
transformed by DNA from human adenovirus 5. J. Gen. Virol. 36, 59-72). 

25 5. Delivery systems of PBGD gene transfer vectors. 

Delivery of viral vectors are based on injection into the patient of a virus particle that will 
transduce human cells in vivo. 

30 Correction of point mutations causing AIP by Chimeraplasty Gene Repair 

The basic technique involves the synthesis of chimeric (RNA-DNA) oligonucleotides. The 
oligonucleotide will repair point mutations on the chromosome by binding to the site of 
mutation and create a mismatch. The endogenous "mismatch repair system" which is 
present in all living cells, will correct the mutation. 
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The Chimeric oligonucleotides has the following general properties: 

a. 68 mer (65-70 is acceptable size) 

b. 25 base DNA stretches at the 5'-end homologous to the normal sequence of the 
gene 

5 c. the 25 base DNA is designed in such a way the 12 bp on each side of the mutation 
is complementary to "wild-type DNA" where the mutation to be altered is located at position 
13 

d. the 25 mere contains 4 T bases at the one end to loop back the oligo to the other 
DNA strand with a 25 base sequence homologous to the other strand of the chromosomal 

10 DNA. 

e. the second strand is chimeric in that it contains 10 homologous bases of 2'0 methyl 
RNA followed by 5 bases of DNA (containing a central mismatch e.g. correction of the 
human point mutation by mismatch repair) followed by another stretch of 1 0 bases of 
homologous 2'0 methyl RNA. This stretch of DNA/RNA is followed with 5 bases of GC 

15 clamp and 4 T bases to form the second loop and finally a 5 base CG clamps 
complementary to the other one. 

EXAMPLE A 



20 Correction of the PBGD mutation at position 593 TGG>TAG resulting in W198X 



Normal Chromosomal Sequence: 
5/-AG CGC ATG GGC TGG CAC AAC CGG GT-3' 
Gin Arg Met Gly Trp His Asn Arg Val 

25 

AIP Chromosomal Sequence: 
5'- AG CGC ATG GGC TAG CAC AAC CGG GT-3' 
Stop 
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The sequence of the chimeric oligonucleotide ( Heme593W/X) is: 



DNA 



G 



5 RNA 4 U 4 RNA 

Chromosome 5'- AG CGC ATG GGC TAG CAC AAC CGG GT-3' 



gggccTC GCG TAC CCG ACC GTG TTG GCC CA 
T 

r 



T 



10 loop T Heme593W/X 

T 



T 



loop 



T 




Tcccgg 1 
5 -AG CGC ATG GGC TGG CAC AAC CGG GT 

1 5 Chromosome 3-TC GCG TAC CCG ATC GTG TTG GCC CA -5' 

ft 
C 

The same principle of chimeric oligonucleotide can be constructed to correct any of the 
20 mutations causing AIP depicted in Table A. 

Chimeric oligonucleotides can be used to correct any other point mutation causing any of 
the 8 known Porphyrias in a similarly as described above. 

25 Delivery of PBGD gene transfer of non viral ve ctors to humans 

The chimeric oligonucleotide can be formulated in a vechicles preparation containing 
anionic or cationic phospholipids or phospholipids mixed with neutral lipids or lictosylated 
PEL 

30 

Alternatively, the non-viral vectors can be formulated in liposomes containing mixtures of 
natural phospholipids and neutral lipids. 

Specific protein sequences can be incorporated into liposomal membranes, that recognizes 
35 cellular receptors for specific targeting of non-viral vectors to a specific cell type such as 
liver, neuronal tissue or erythropoietic tissues, can be incorporated. Alternatively specific 



SUBSTITUTE SHEET (RULE 26) 



V PCT/DK00/00425 

WO 01/07065 

50 

„ni*Q soecfflc cellular surface antigens can be used fortargeting. Thirdly, 
oligonucleotides. 

sc. or IV. iniedions to AIP patients. 
The efficacy of the treatment can be evaluated as above. 

Thegenemerapy strategies ou«,ne • P-W-— - 
this strategy: 

15 

ALA deficiency porphyria (ADP) 
Porphyria cutanea tarda (PCT) 
Hereditary coproporphyria (HCP) 
Harderoporphyria (HDP) 

20 Variegata porphyria (VP) 

Congenital erythropoietic porphyria (CEP) 

Erythropoietic protoporphyria (EPP) 
Hepatoerythropoietic porphyria (HEP) 

25 ,„ tte preyed embo^.en. ot tt» ~ * prfma* disdosed rotating to 

rhPBGD 

EXAMPLE 1 

Strain PBGD-1 is an E co„ K12 host strain genotype endAthi tpsL sb=B15 t^R4 

36 
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not ready at the start of the study, the decision was made to start the study with strain 
PBGD-1 Both the strains are resistant against both tetracycline and ampicillin, but due to 
regulatory advantages it was decided to use oxytetracycline as selection pressure. To 
focus the first part of the study on the expression level of rhPBGD, and not the stra.n 

5 stability it was decided to start the development with selection pressure in the fermenter. 
When the expression level was satisfactory strain stability without selection pressure in the 
fermenter should be investigated. Preliminary tests performed showed that the expresston 
level of rhPBGD was 1,5 times higher at 37°C compared to the expression at 30 °C. At 
42°C it was as much as 3 times higher. Based on this knowledge one would suggest a 

10 temperature induction to either 37°C or 42°C during the fermentation to boost the rhPBGD 
production. However, at higher fermentation temperatures the strain stability might be a 
problem. The time frame was too narrow to study the rhPBGD expression at all three 
temperatures, so the decision was to start the study without temperature induction and to 
keep the temperature at 30»C during the whole process. 

15 

Short description of the work 

During the first two months the strain PBGD-1 was cultivated on agar plates and ,n shake 
flasks to obtain information about the strain characteristics. In parallel to this purchase of 
study dedicated chemicals, build up of the documentation system and technology transfer 
20 of the analytical methods took place. When the PBGD-1 intermediary cell bank was 

prepared the actual fermentation work started. First two "simple" 1-L batch fermentafons of 
strain PBGD-1 were used to test the newly designed substrate and to calculate the 
maximum growth rate for the strain. After that three 10 L fed batch fermentations of stra,n 
PBGD-1 was performed. 

25 As soon as the strain PBGD-2 was avaible and an intermediary cell bank was prepared, 
this strain was implemented in the fermentation procedure developed for strain PBGD-1 . At 
present two 10-L fermentations of strain PBGD-2 have been performed. 
The general outline of the fermentation is starting with inoculum preparation on M9-tc agar 

30 plates and shake flasks. The cells are incubated at 30*C for 24 h on M9-tc agar plates and 
are then transferred to M9-tc shake flasks. The shake flasks are incubated for 12-14 h at 
30°C The broth from 1-2 shake flasks are used to inoculate the 10 L fermenter conta.n,ng 
a minimal medium supplemented with yeast extract, trace elements, thiamine and 
oxytetracycline as selection pressure. The fermentation starts with a 14-h batch phase 
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where the cells grow at maximum growth rate. The glucose feed is started after 14 h and 
the feed rate profile is varied between 25-75 ml/h of a 600 gf 1 glucose solution. 

Broth taken from shake flasks and fermentations have been used to develop the down 
5 stream processing and to test and adjust the analytical methods provided. The general 
outline in the down stream processing is concentration of the fermentation broth on a 0,22 
pm cross flow membrane followed by diafiltration (washing) with a buffer to exchange 90- 
95 % of the substrate with buffer. The diafiltered cell concentrate is homogenised in a 
homogeniser, where the pressure has been varied between 600 - 1000 bars. The cell 
10 debris is then removed from the homogenate either by filtration on the same membrane as 
mentioned above or by centrifugation. Finally the extract is sterile filtered into sterile 
containers. 

Results 

15 

Fermentation 

The maximum growth rate for strain PBGD-1 was determined in shake flask experiments 
and in 1-L batch fermentations. The results are summarized in Table 5 below. The reason 
for the lower values in the shake flask with fermenter medium is probably acetic acid 
20 production and hence lower pH since the pH is not controlled. No experiments have been 
performed to calculate the maximum growth rate of strain PBGD-2, but from the fact that 
the batch phase has the same duration as for PBGD-1 we can draw the conclusion that the 
maximum growth rate is approximately the same. 

25 Table 5 Maximum growth rates 



Conditions 


Maximum growth rate (jw) (h* 1 ] 


M9-tc Shake flask 


0,3 


Shake flask with fermenter substrate 


0,3 


1 L Fermenter with pH controlled at 7,0 


0,4 



The developed substrate for the fermentation is given in Table 6 on the next page. When 
implementing strain PBGD-2 it seems like this strain has different requirements on either 
30 the amount of yeast extract or the thiamine concentration in the substrate. When using the 
substrate developed for strain PBGD-1 the growth stops or lags during the fermentation 
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(PD14). When adding extra yeast extract and thiamine the growth starts again. This pattern 
is repeated at least two times during the fermentation. 



Tahte R Fermenter substrate 

5 



Component 


Mw [g/mol] 


Concentration 


Unit 


(NHOaSCM 


114,12 


2,70 


tg/U 


KH 2 P0 4 


136,08 


3,25 


fe/l] 


K 2 HPO 4 *3H 2 0 


228,23 


2,80 


[g/i] 


C 6 H 5 Na 3 07*2H 2 0 


258,07 


0,60 


[g/i] 


Yeast extract 




5,00 - 20,0 


[g/i] 


C 6 H 12 O 6 *H 2 0 


198,17 


10,00 


[g/i] 


MgS0 4 *7H 2 0 


246,50 


1,07 


[g/i] 


Thiamine chloride 
C 12 H 18 CI 2 N 4 OS*xH 2 0 




1,00-10,0 


lmg/l] 


H3BO3 


61,83 


2,1 


[mg/l] 


CuS0 4 *5H 2 0 


249,70 


10,5 


[mg/l] 


FeCI 3 -6H 2 0 


270,30 


35,5 


[mg/l] 


MnS0 4 *H 2 0 


169,02 


6,6 


[mg/l] 


ZnS0 4 *7H 2 0 


287,50 


5,3 


[mg/l] 


CoCI 2 *6H 2 0 


237,93 


9.3 


[mg/l] 


CaCI 2 *2H 2 0 


147,02 


14,0 


[mg/l] 


Na 2 Mo0 4 *2H 2 0 


241,95 


9.3 


[mg/l] 


HCI 


34,46 


6.9 


[ml/I] . 


Oxytetracycline 
CaHwNaCVHCI 


496,90 


6.0 


[mg/l] 



The strains seem to utilise different components in the yeast extract in a sequential order. 
The metabolism and respiration is different for different compounds. This gives rise to an 
irregular fermentation pattern with large changes in the respiration of the population during 
10 the fermentation, e.g. the CO z and the O z outlet gas analysis and the dissolved oxygen 
tension (DOT) signal (see Figure 12). 

As the fermentation proceeds, the fermentation broth is gradually coloured bright pink. 
When centrifuging broth for dry weight analysis it is observed that it is the actual cells and 
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not the supernatant that is pink. The colonies on the M9-tc agar plates used to inoculate 
the shake flasks are not coloured pink, they are rather yellow or white like "normal" E.coli 
cells. 

5 The colonies on the agar plates used for the colony forming units (CFU) analysis from the 
fermentation are also pink. However, on the CFU plates from PD14, the first fermentation 
with the new strain PBGD-2, a small portion of yellow or white colonies was observed. This 
observation was made already from the plates spread with broth from the inoculum shake 
flask. The percentage of yellow-white cells was varying in the range 2-8 % during the 

10 fermentation. Both the white and red colonies were resistant against the antibiotic 

oxytetracycline. When observing the white and red colonies in the microscope they both 
appeared as E.coli rod like cells. It was hard to see any clear difference, but possibly the 
white cells were a little bit shorter than the red ones. To investigate this further shake flask 
cultivation were started with one red and one yellow colony. The CFU analysis showed that 

15 there were only red colonies from the shake flask inoculated with the red colony, but that 
the white colony gave rise to approximately 70% white and 30% red cells. The rhPBGD 
activity and protein concentration were measured in the broth from these shake flasks. The 
results are shown in Table 7 below. The difference in the protein concentration and the 
rhPBGD activity is in accordance with the difference in the OD 62 o reached in the shake 

20 flask, probably due to different size of the inoculum colony. 



Table 7 rhPBGD activity and total protein from single colony shake flasks 



Start colony 


Protein 
[mg/ml broth] 


PBGD activity 
[U/L broth] 


Specific activity 
[U/mg protein]' 


White 


0,01 


9 


0,8 


Red 


0,04 


27 


0,7 



25 In the Table 8 below a summary of the final values of the fermentations are given. The 
lower ODe2o and Dw (dry weight) values in fermentation PD12 is a result of the lower 
amount of glucose that totally was fed into the fermenter in this fermentation (600 ml 
compared to approximately 850 ml in PD11 and PD14). It is also interesting to notice the 
very high expression and specific activity of rhPBGD in fermentation PD14 compared to the 

30 earlier fermentations. 
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Table 8 Summary of final fermentation results 



Batch 


Strain 


Time 
Ih] 


OD 620 


Dw 

[g/i] 


PBGD activity 
[U/ml broth] 


Specific PBGD activity 
[U/mg protein] 


PD11 


PBGD-1 


27 


82 


29 


7,7 


2,6 


PD12 


PBGD-1 


31 


59 


19 


15,3 


1.8 


PD14 


PBGD-2 


30 


87 


32 


39 


3,1 



Until now we have achieved the best fermentation results in fermentation PD14. 
5 In the Figures 12 and 13 the fermentation results from this fermentation with the new strain 
PBGD-2 are shown. After a 14-h batch phase the glucose feed is started according to a 
schedule with three step changes in the feed rate. However after 16 h the glucose begins 
to accumulate in the fermenter due to that something else is limiting the growth more. The 
glucose feed is then stopped and restarted when the glucose concentration becomes 
10 limiting again. 



The respiration pattern (i.e. C0 2 , 0 2 and DOT signals) indicated that something in the 
substrate was depleted after 14,5 and 22,3 h and 26,3 h (see Figure 12). When extra yeast 
extract and thiamine was added to the fermenter growth respiration increased dramatically 

15 for a while. There was a steady increase in the ODe2o and Dw during the whole 

fermentation and the final values are rather high. The increase in produced amount of 
rhPBGD correlates very well with the increase in biomass. This is something that has been 
observed also in the other fermentations. However, in fermentation PD14 there also 
seems to be a steady increase in the specific activity of the produced rhPBGD. Something 

20 that has been much less pronounced in the other fermentations. 

Down stream processing 

The different broths have been concentrated 1,9-6,9 times. The different values reflect 
problems with clogging of the membrane. This problem can probably be avoided by not 

25 concentrating the broth too much. Instead a somewhat longer diafirtration has to be done. 
The homogenisation has given a good yield of released enzyme compared to sonication. 
Removal of cell debris is in the laboratory scale rather easily done by centrifugation. For 
the production scale it would be preferred to use membrane filtration and because of that 
filtration has been tested. However, so far the transmission of enryme through the 

30 membrane has been low resulting in low yields. This yield may be improved by better 



! 
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controlled filtration parameters or extended diafiltration. Otherwise a separator could be 
used in the production. 



In Table 9 some data from the down stream processing are shown. 

5 

Table 9 Summary of down stream results 







Sterile filtered extract 


Yield from broth, % 


Broth 


Debris removal 
by 


protein 
mg/ml 


activity 
U/ml 


Spec, activity U/mg 
protein 


protein 


U 


PD11 


Filtration 


2.7 


5,1 


1.9 


30-60 1) 


35-45 1) 


PD12 


Centrifugation 


31 


84 


2,7 


79 


120 2) 


PD14 


Centrifugation 


32 


92 


2,9 


85 


67 


PD14 


Filtration 


3,8 


11 


2,8 


15 


18 



1) Uncertainties in analysis, because the methods were not fully evaluated at this time. 
10 2) Uncertainty in volume because of a tube leakage. 



Conclusions 

Strain PBGD-2 has a maximum growth rate of approximately 0,4 h" 1 in the fermenter 
15 substrate. This is similar to the maximum growth rate of strain PBGD-1 , however the 
substrate requirement seems to be different for strain PBGD-2. An increase of the initial 
yeast extract and thiamine concentration in the substrate to 20 gl" 1 and 10 mgl" 1 
respectively supports growth to a biomass similar to those achieved with the old strain 
PBGD-1. 

20 

The general fermentation process outline is a 14 h batch phase followed by a 16 h feed 
phase were the glucose feed rate is increased in three steps. 
The production of rhPBGD correlates very well with the biomass production and the 
specific activity of the rhPBGD also seems to increase during the fermentation. 
25 The best result so far with strain PBGD-2 is a rhPBGD concentration of 39 U/ml and a 
specific activity of 3,1 U/mg protein after 30-hour fermentation. The final dry weight and 
OD 62 owas 32 gr 1 and 87 respectively. The plasmid stability is good during the fermentation 
when oxytetracycline is present as selection pressure. 
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EXAMPLE 2 

nm/Pinnment of a purification process for recombin ant human Porphobilinogen Deaminase 
(rhPBGD) 

5 

Introduction 

For the capture step a weak anion exchange (DEAE-Sepharose FF) matrix has been 
tested primarily, because this has been the most common initial step for purification of 
PBGD. The disadvantage with anion exchange is that endotoxins and DNA adsorb on this 
10 type of gel. There is a risk that these impurities are coeluted with rhPBGD. To use a cation 
exchange in this project is not possible, because pi for rhPBGD is too low. For that reason 
a hydrophobic gel has also been tested as a capture step. 

Material and methods 
Cell extract 

Cell extract (PD12, see Example 1) was supplied frozen (8x50 ml) from Biogaia. After the 
initial thawing a precipitation was found in the sample. The extract was centrifuged and the 
next day a new precipitation was found. This means that the extract has to be centrifuged 
in connection to a chromatography experiment. The protein content in the extract (BCA) 
was estimated to 29 mg/ml and the enzyme activity was found to be 63 U/ml. The pH and 
conductivity were estimated to 7.0 and 6 mS/cm, respectively. 
Ion-Exchange 

A DEAE- Sepharose FF hitrap (1 ml) column was used. The gel was equilibrated with Tris- 
HCI 25 mM, pH 8.5. The pH of the extract was adjusted to pH 8.5 with NaOH 5 M and the 
sample volume applied on the gel was 1.4 or 2.0 ml. After the sample has been applied, 
the gel was washed with 15 column volumes with equilibration buffer. For the desorption of 
the gel the following KCI concentrations have been tested: 40, 120, 150 and 300 mM. 
Finally, after every experiment the gel was cleaned with NaOH 1 M. 

30 Hydrophobic interaction chromatography 

A Butyl-Sepharose 4 FF hitrap (1 ml) column was used. The gel was equilibrated with 
potassium phosphate 1.0-1.3 M pH 7.5. To the extract, potassium phosphate (2.5 M) was 
added to an end concentration of 1.0-1.3 M and the sample volume applied on the gel was 
2.0 ml. After the sample has been applied, the gel was washed with 15 column volumes 

35 with equilibration buffer. For the desorption of the gel 500 mM, 20 mM potassium 
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phosphate and water were tested. Finally, after every experiment the gel was cleaned with 
NaOH 1 M. 

Results 
5 Ion-exchange 

In Figures 14 and 15 chromatograms from two DEAE runs are shown. In Table 10 the 
results from these runs are shown. The difference between these experiments are that 
peak b in the first run was desorbed with 120 mM KCI and 150 mM in the second. Further, 
in the first run less sample was applied and the gel was also desorbed with 300 mM KCI. 
10 The recovery was in the best experiment found to be 75 % and the yield 47 %. To get this 
recovery and yield 300 mM KCI has to be used. The purity of rhPBGD in peak b (DEAE2 ) 
was estimated to 31 % (RPC). 

Hydrophobic interaction chromatography 

15 In Figure 16 a chromatogram from a Butyl run is shown. In Table 1 1 the result from the run 
is shown. In this experiment 1.3 M potassium phosphate was used and the desorption was 
done with water. Conductivity in peak b was found to be 60 mS/cm. The recovery was 
calculated to 78 % and the yield 75 %. In an investigation it was found that a precipitation 
was formed in the extract at a potassium phosphate concentration of 1.5 M. The purity of 

20 rhPBGD in peak b was estimated to 40 % (RPC). 

Comments and conclusions 

From the results of the experiments it can be seen that the mass balance in all experiments 
are not in balance. This seems to be valid for all analyses. The main reasons for this are 
probably insecurity of the analyses and that all proteins are not eluted from the gel. The 
first reason is confirmed by the enzyme activity that seems to be too high in the extract 
when high concentration of potassium phosphate is added. The second reason is 
confirmed by the elution peak with NaOH in ion-exchange experiments. This peak is not 
analyzed. For the hydrophobic matrix a cleaning with organic solution can be necessary. 
The conclusion of the results so far is that the Butyl-Sepharose 4 FF seems to be the best 
alternative for the capture step. The main reason for that is the higher yield of rhPBGD. 
Another advantage to use Butyl-Sepharose 4 FF is the small peak after cleaning with 
NaOH 1M compared with the large peak in DEAE-Sepharose FF runs. This probably 
means that few impurities stick on Butyl matrix. On the other hand there is a risk that a 
precipitation is formed when adding potassium phosphate. A desalting before the next 
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chromatography step can be necessary, caused by the high ion strength in the product 
peak. 

Table 10 Ion-exchange 

5 • ■ ■ 

Applied Peak a Peakb Peakc 

BCAA280Act BCAA280Act BCAA280Act BCAA280AcL 
mg mg U mg mg U mg mg U mg mg U 

Exp. 

10 ___ 

DEAE1 37 166 76 10 122 21 5 6 29 9 11 7 
DEAE2 42 229 129 17 143 56 10 14 25 ... 



15 

Table 1 1 Hydrophobic interaction chromatography 



20 Applied Peak a Peakb Peakc 

BCAA280Act BCAA280Act BCAA280Act BCAA280AcL 
mg mg U mg mg U mg mg U mg mg U 

Exp. 

25 

Butyl 31 137 93 7 84 3 11 23 70 - - 



30 EXAMPLE 3 

Development of a method for the purification of recombinant human Porphobilinogen 
deaminase with a "His-Tao" frhPBGD-His) 

35 Nature and purpose of the study 
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Many groups have reported in the literature on the purification of porphobilinogen 
deaminase from various sources including E. coli and Human erythrocytes (Anderson P. M. 
and R. J. Desnick, 1979, The Journal of Biological Chemistry 255(5): 1993-99, Awan S.J. 
et aL 1997, Biochemistry 36(30): 9273-82, Grandchamp B. et al. 1987, EurJ.Biochem. 
5 162(1): 105-10, Jordan P.M. 1994, Wiley, Chichester (Ciba Found Symp 180), p70-96 t 
Jordan P.M. et al. 1988, Biochhem.J. 254:427-435, Lambert R. et aL Wiley, Chichester 
(Ciba Found Symp 180), p97-110, Louie G.V. et aL 1996, Proteins 25(1): 48-78, Maniatis 
T., E.F. Fritsch, J. Sambrook. Molecular Cloning (A laboratory Manual) Cold Spring Harbor 
Laboratory. 1982, Miyagi K. et al. 1979, Proc.Natl.Acad.Sci. 76(1 2):61 72-76, Radch N. 

10 1986, Nucleic Acids Research 14(15): 5955-67, ShoolingirvJordan P.M. et al. 1997, 
Methods in Enzymology, 281:317-327). Most use a combination of ion exchange, 
hydrophobic interaction and size exclusion chromatography to obtain fairly pure protein 
preparations. With the engineering of 5 additional Histidine residues on the C-terminus of 
recombinant human porphobilinogen deaminase, rhPBGD we have a convenient Tag" to 

15 help with purification. Histidine has an affinity to electropositive transition metals such as 
nickel, copper, zinc and cobalt. When a series of 6 or more electron-rich histidine residues 
are expressed on the end of a protein they can function as an anchor, firmly attaching the 
protein to a solid support coated with metal ions. Very thorough washing can be done 
without dislodging the bound moiety. Elution can be accomplished in one of two ways, 

20 either by decreasing the pH to protonate the imidizole nitrogen (pKa of 5.97) of histidine, or 
by including imidizole, a molecule identical to the histidine side chain, in the elution buffer 
which competitively dislodges the tagged protein off the support. The purpose of this study 
is to obtain pure rhPBGD-His for antibody production and for use as a standard in assays 
and protein purification. 

25 Study objectives 

The objective of this study is to obtain 10 mg of highly pure active rhPBGD-His. 

Study Plan 
30 Plan outline 

Optimize induction time for the expression system and lysis 

Purify 10 mg of rhPBGD-His for antibody production and standard 

2 liter scale induction and lysis of strain 

DEAE ion exchange chromatography 
35 Immobilized metal affinity chromatography 
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Characterization of rhPBGD-His 
SDS-PAGE 
Amino acid analysis 
Specific activity 
5 HPLC 

Mass spectrometry 
Amino terminal sequencing 
Plan body 

Expression of rhPBGD-His is regulated by the bacterial Taq promoter, a derivative of the 
10 lac promoter which is inducible with IPTG (See Figure 17 for plasmid map). Different 
proteins are produced at different rates in E. coli upon induction. This necessitates the 
optimization of the time required for optimum rhPBGD-His yield upon induction. To 
accomplish this a culture in mid-log phase will be induced with an excess of IPTG and 
expression followed at timepoints with activity and protein concentration measurements. 
15 After induction the cells must be lysed to release rhPBGD-His. Of the options available, 
sonication is the best for this scale of purification. It is compatible with any buffer system 
and should not be damaging to the protein. To follow efficiency of lysis, absorbance at 
600nm will be measured after each cycle. 

For use as a standard and for antibody production at least 10 mg of rhPBGD-His will be 
20 purified. 

For protein purification a 2 liter flask culture of the strain producing rhPBGD-His is 
sufficient. The culture will be inoculated with a fresh over-night culture of cells and grown to 
mid log phase then induced with IPTG. 

Plans are to utilize a two step purification process. After lysis the debris will be removed by 
25 centrifugation and supernatant loaded onto a DEAE ion exchange column. This will 
remove the vast majority of contaminants from the lysate and leave a limited number of 
protein contaminants in the elution fractions containing rhPBGD-His. Protein will be loaded 
in a high pH and low ionic strength buffer to ensure binding of the weakly charged 
rhPBGD-His. Extensive washing will be used to remove material that is not firmly bound to 
30 the column. A very shallow step gradient of KCI will be used to elute rhPBGD-His. This 
should separate the different forms of rhPBGD-His with differing charge properties from 
each other. Separation of different charged forms of PBGD, by ion exchange 
chromatography, has beenreported by others (Anderson P. M. and R. J. Desnick, 1979, 
The Journal of Biological Chemistry 255(5): 1993-99. Jordan P.M. et al. 1988. Biochhem.J. 
35 254:427-435. Miyagi K. et al. 1979. Proc.Natl.Acad.Sci. USA 76(1 2):61 72-76). 
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The second chromatographic step planned is a column containing Talon fast flow 
immobilized cobalt metal affinity resin (Clontech). This makes use of the 6-residue histidine 
tract at the amino terminus of the recombinant protein. Initially, a metal chelating resin 
(Pharmacia) charged with nickel (Sigma) was tried for purification of rhPBGD-His but it was 
5 found to bind other proteins in the lysate as well which coeluted with rhPBGD-His. 
Although this cobalt resin has less binding affinity to His tagged proteins than nickel it 
retains the high binding capacity and is more discriminating which proteins to bind. This 
leads to elution from the metal with a lower concentration of imidizole or with higher pH and 
achieves a higher level of purity. The cobalt is also bound more tightly to the matrix by a 

10 tetradentate metal chelator, effectively eliminating the leaching of metal ions from the solid 
support during purification. The loss of reactive metal ions during elution is common 
problem with nickel based affinity columns (personal communications) which can lead to 
unwanted precipitation of purified proteins. 
rhPBGD-His will be characterized by the following methods: 

1 5 The first measure of protein purity will be by SDS-PAGE (polyacrylamide gel 

electrophoresis). This method will also give an indication of the molecular weight of the 
protein being produced. 

To determine the specific activity of rhPBGD-His in the preparation it is first necessary to 

20 accurately determine protein concentration in solution. Amino acid analysis will be used as 
an accurate method. The method also provides the amino add composition of the protein. 
The concentration can be used to establish an extinction coefficient of rhPBGD-His. 
Activity of the enzyme is an important measure of correct structure of the enzyme. The 
proper structure, equivalent to that produced in humans, is essential for rhPBGD-His to be 

25 used as a therapeutic. Any deviation from the natural structure can cause activation of the 
patient's immune system. Historically, activity of porphobilinogen deaminase has been 
measured in one of two ways, either by the metabolism of porphobilinogen substrate or by 
the formation of preuroporphyrinogen product. In the reaction catalyzed by PBGD, 
porphobilinogen monomers are covalently attached one at a time starting from the free 

30 alpha position of the dipyrromethane cofactor. After four molecules are added the linear 
tetramer of PBG, preuroporphyrinogen, is spontaneously released by hydrolysis from the 
cofactor, regenerating the active holoenzyme with covalently attached cofactor for further 
reactions (See Figure 18). After release the tetrapyrrole is circularized by the next enzyme 
of the heme pathway, uroporphyrinogen III synthase, forming uroporphyrinogen III, the 

35 central ring of heme and vitamin B12 in animals and chlorophyll in plants. The linear 
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preuroporphyrinogen molecule can instead be oxidized to uroporphyrin with benzoquinone 
creating a molecule, which absorbs light at 405 nm. This is the basis for the activity assay 
used to measure PBGD activity 

The rhPBGD-His preparation will be further characterized by mass spectrometry, which will 
5 give an accurate measure of rhPBGD-His molecular weight and potentially identify 
molecular heterogeneity in the preparation. rhPBGD-His can exist with 1,2,3 and 4 
substrate molecules bound to it. Each substrate molecule added to the holoenzyme will 
add roughly 209 daltons to the mass, which is detectable through mass spectrometry. 
Characterization by reversed phase HPLC will provide purity data. 
10 Amino terminal sequencing of rhPBGD-His will be used to ensure the correct amino 
terminus. 

Materials and Methods 
15 Induction and Lvsis: 

From a freshly streaked colony, a culture of pExp-2 in JM105 was grown for 13.5 hours in 
100 ml LB (10g/l bacto-tryptone, 5g/l bacto-yeast extract, 10 g/l NaCI pH 7.0) + 100 pg/ml 
ampicillin in a 500 ml baffled flask at 37°C at 350 rpm. The optical density measured at 

20 600nm reached 1.6. This culture was used to inoculate 2 liters of terrific broth (12g/l bacto- 
tryptone, 24g/l bacto-yeast extract, 4ml/l glycerol, 2.31 g/l KH2P04, 12.54g/l K 2 HP0 4 
(Maniatis T., E.F. Fritsch, J. Sambrook. Molecular Cloning (A laboratory Manual) Cold 
Spring Harbor Laboratory. 1982) with 100 ug/ml ampicillin and split into four 2 liter baffled 
flasks with 400 ml each and two 1 liter baffled flasks with 200 ml culture each. These were 

25 grown at 37°C with 350 rpm in a New Brunswick Scientific Innova 4000 incubator. When 
reaching an optical density of 0.7 at 600 nm the Taq promoter was induced with 4 mM 
IPTG, causing rhPBGD-His protein to be made. Growth was followed by hourly readings of 
absorbance at 600 nm. After 9 hours the cultures were stopped by chilling to 0°C after an 
absorbance of 1.93 was reached. The culture was centrifuged, 4 X 250ml at a time, for 10 

30 min at 4,000xg in a Beckman Avanti J25I centrifuge with a JLA-1 6.250 rotor. Supernatant 
was decanted and the remainder of the culture was added to the cell pellets and spun for 
an additional 10 min. The pellets were resuspended in 2 pools of 250 ml 50 mM Tris/HCI 
pH 8.5 (prechilled) each and stored for 8 hours on ice. Cells were centrifuged for 10 min at 
4,000xg, liquid decanted and resulting pellets weighed in the bottles to determine the wet 

35 weights. Cells were then resuspended in 400 ml ice cold 50 mM Tris/HCI pH 8.5 and lysed 
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by sonication with a Branson Sonifier 450 with 1/2 inch diameter stepped, tapped hom. 
Each round was for 30 seconds at maximal power with constant duty cycle in a Pyrex 150 
ml glass beaker on ice. Lysate was mixed between cycles by either drawing into a 50ml 
pipet a few times or by pouring between beakers on ice. Progress of lysis during sonication 
5 was ascertained by reading absorbance of the lysate at 600 nm, After six rounds of 
sonication for each of the 100 ml aliquots of cells, debris was removed by centrifuging at 
16,000xg for 30 minutes at 4°C. Lysate was then pooled and vacuum filtered through a 
0.22 pm Durapore membrane (Millipore) to remove any remaining particulate matter. 

10 DEAE Sepharose Chromatography: 

The first chromatographic step in purifying rhPBGD-His was by ion exchange 
chromatography on a DEAE Sepharose fast flow column (Pharmacia). A 2.5 X 50 cm 
Spectrum LC column with degassed resin was washed extensively with degassed 25 mM 
15 Tris/HCI pH 8.5 buffer. Filtered lysate (380 ml) was applied to the column at 5 ml/min. The 
column was then washed with 720 ml 25 mM Tris/HCI pH 8.5. Elution of bound rhPBGD- 
His was with a shallow step gradient of KCI from 50 to 120 mM in 1 0 mM increments in 25 
mM Tris/HCI pH 8.5 and degassed. Volumes for each step varied from between 105 and 
470 ml depending on the elution profile (see Table 12). 

20 

Table 12 



0 mM KCI 


50 


60 


70 


80 


90 


100 


110 


120 


720 ml 


470 


120 


175 


270 


105 


130 


180 


300 



Fractions were collected about every 50 ml. Absorbance at 280 nm was followed closely 
25 during elutionThe next step was only applied after the absorbance had declined following a 
peak. BioRad's protein assay II in microliter format was used per manufacturer's protocol 
to assay the amount of protein in each fraction. Coomassie stained 10% acrylamide 
Bis/Tris gels (Novex) were then prepared, with 5 pg protein in each lane, to characterize 
the purity of each peak. 

30 
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Cobalt Affinity Chromatography: 

The resin slurry was degassed prior to pouring into a 2.5 X 30 cm Spectrum LC column. It 
was then washed extensively with degassed 25 mM Tris/HCI pH 8.5/ 150 mM NaCI at a 
5 flow rate of 5 ml/min. The sodium chloride was included to decrease protein to protein ionic 
interactions and to reduce ion exchange effects with the column matrix itself. A relatively 
high pH of 8.5 was used to keep rhPBGD-His well above the pi, and therefore negatively 
charged, to maintain high solubility during the purification. Two consecutive rhPBGD-His 
affinity purifications were then run on the column. The first sample loaded was a sterile 

10 filtered pool of the entire first peak of eluate of activity from the DEAE sepharose column 
including fractions 9 through 12. The column was then washed with 2 liters of 25mM Tris 
pH8.5/150mM NaCI at 3 ml/min. To elute bound contaminants the column was then 
washed with 100 ml of 25mM Tris pH8.5/150mM NaCI/5mM imidizole at 5 ml/min followed 
by 100 ml of 10mM imidizole buffer solution. Elution of his tagged protein was with 25mM 

15 Tris pH 8.5/1 50mM NaCI/50mM imidizole at 5 ml/min. A final elution with 100 mM imidizole 
was included to be certain all rhPBGD-His was eluted. To prepare the column for the 
second loading it was merely washed with -100 ml of 25mM Tris pH8.5/150mM NaCI. It 
was hoped that rhPBGD-His would displace the imidizole bound to the column (which 
turned out to be the case). The second loading of the column was with a sterile filtered pool 
20 with -900 ml of all remaining peaks of activity from the DEAE Sepharose column at a flow 
rate of 5 ml/min. The column was then washed with 2 liters of 25mM Tris pH8.5/150mM 
NaCI at 5 ml/min, followed by imidizole containing buffers as with the first run above. 



25 



30 



Polvacrvlamide Gel Electrophoresis: (SDS-PAGE1 

Gel electrophoresis was with the Novex system with Nupage 10% Bis/Tris gels run at 125V 
for 2 hours with or without reducing agent. Staining was with 50% methanol / 10% acetic 
acid / 0.25% Coomassie brilliant blue R-250 for 2 to 4 hours. Destaining was in 30% 
methanol / 10% acetic acid in a Bio-Rad gel destainer. 

Amino Acid Analysis: 



Amino acid analysis was performed by AAA Laboratory (6206 89 th Avenue Southeast, 
Mercer Island, Washington 98040). rhPBGD-His was hydrolyzed for 20 hours with 6N-HCI / 
35 0.05% mercaptoethanol / 0.02% phenol at 1 15°C. Serine was increased by 10% and 
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Threonine increased by 5% to compensate for destruction of the individual acids during 
hydrolysis. A Beckman 7300 Amino Add Analyzer was used coupled with System Gold 
software. Analysis was performed by post-column derivitization with ninhydrin using the 
ion-exchange chromatographic methods developed by Moore and Stein. 

5 

PBGD Activity Assav: 

We performed assays in 96 well microtiter format with validation in cuvets. Procedures 
were derived from published procedures (Awan S.J. et al. 1997, Biochemistry 36(30): 

10 9273-82, Shoolingin-Jordan P.M. et al. 1997, Methods in Enzymology, 281:317-327). From 
0.125 to 8 M9 of purified rhPBGD-His protein per well have been used to determine 
enzymatic activity. Assay buffer is 50 mM Tris/HCI pH 8.2 with 1.0 mg/ml BSA (Sigma 
fraction 5) and 10 mM DTT. A Perkin Elmer 9700 PCR machine was used for thermal 
regulation, allowing for tight control of the temperature and reaction time. Assays have 

15 been started in two ways. One method was to start the reactions at 37°C with prewarmed 
substrate in a PCR block. Strategic placement of pauses in a thermocycle program was 
used with beeping at defined intervals for both addition of the substrate and for stopping 
the reaction. An example cycle program is shown in Table 13 with reaction times varying 
from 10, 20, 40 and 60 minutes. 

20 

The reaction block is a 96 well block with tubes arranged in an 8x12 matrix. 
It is kept throughout at 37C. The reaction is initiated by adding PBG to 
eight tubes in the first row using an eight-channel pipettor. The addition 
is staggered so that each row receives PBG every 30 seconds. A ten second 

25 pause and beep interval is setup every 20 seconds to signal each addition at 
the end of the period. In this fashion all the 96 reactions are started 
which takes a total of six minutes. At the end of a further four-minute 
incubation, the first three rows are stopped in a staggered manner giving a 
total of a ten-minute incubation period. This procedure is repeated for the 

30 next three rows after an additional ten minutes amounting to a total of 
twenty-minute reaction time. This scheme is illustrated in Table 13. 
The p@37 represents the 10-second beep period which is configured in the 
thermocyclor as a pause plus beep interval. 

35 
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Table 13 



start stop 
add 



stop stop stop 

40 60 
min min min 



10 20 40 60 



PBG mm _ __ 

-3X f | 3X 1 I 3* 1 



l7 12 ^7 37 37^37 37 37 P @ 37 37 37 p@37 37 37 p@37 
37 P@37 37 P@ inmin 2Qsec 1Qsec 20min 20sec 10se c 20 min 20 sec 10sec 



5 Reactions were stopped by acidification with HCI / p-benzoquinone solution. The final 
concentration of HCI used was 1 molar. Benzoquinone. which oxidizes the 
uroporphyrinogen to uroporphyrin, was used at a final concentration of 0.00 2 o/o w/v (from 
0 20/c stock solution in methanol). At defined intervals the 150 pi samples were removed 
from the reaction tubes and added to 850 pi HCI / p-benzoquinone solution in wells of a 96 
10 well X 2 ml plate on ice. The second method of initiating the assay was to set up the 

reactions complete with substrate on ice then to transfer to the PCR block for incubation at 
37-C. Following the reaction the block was brought to 4«>C to stop the reaction after wh.ch 
samples were removed and added to HCI/ p4>enzoquinone solution. For both methods the 
incubation was allowed to proceed for 20 minutes on ice and in the dark after the last 
15 addition of reaction solutions. Then the p.ate was centrifuged for 10 min at 3750 rpm jn a 
swing out rotor in a GS-6KR centrifuge to pellet precipitated protein (mostly BSA). 250 pi 
was removed to a Coming 96 well assay plate. Absorbance was measured at 405 nm wrth 
a 605 nm reference wavelength in a BioTek FL-600 plate reader. Selected samples 
(normally the standard curve) were diluted 10X with 1M HCI and read in a quartz cuvet ,n a 
20 Beckman DU640B spectrophotometer at 405.5 nm. A 605 nm reference wavelength was 
used to subtract out background absorbance. These measurements in cuvets produced a 
conversion factorfroml cm pathlength reads to the platedata. Analysis was performed 
using the KC4 software included with the plate reader and with excel spreadsheets. An 
extinction coefficient of 548 lirW was used to quantitate the oxidized reaction product 
25 (Shoolingin-Jordan P.M. et al. 1997, Methods in Enzymology, 281 :317-327). 



HPLC: 



HPLC analysis was performed at the University of Washington Mass Spectrometry 
30 Analysis Facility for HPLC. Samples were prepared free of salts for mass spectrometry 
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analysis by HPLC on a C4 column and eluted with an increasing gradient of acetonitrile. 
The instrument used was an Applied Biosystems (ABI) 140A Solvent Delivery System with 
an ABI 785A Programmable Absorbance Detector. 

5 Mass Spectrometry: 

Mass spectrometry analysis was performed at the University of Washington Mass 
Spectrometry Analysis Facility. One tenth of the HPLC run within the main edition peak 
was diverted prior to the absorbance detector to a Perkin Elmer SCIEX API3 Biomolecular 
10 Mass Analyzer for elecro-spray mass spectrometry. Analysis was by HyperMass method 
on an average of 16 peaks (for Cobalt run #1 eiuate). 



Amino Terminal Sequencing: 

15 Amino terminal sequence analysis was perfomed at the University of Washington Mass 
Spectrometry Analysis Facility. An ABI 477A Protein Sequencer was used with an ABI 
120APTH Analyzer. 
Results 
Purification: 

20 

Induction and Lysis: 



Growth of the 2-liter culture of bacteria slowed down after the first hour but growth still 
continued to 9 hrs (see Table 14). 

25 

Table 14 



start 


1 hr 


2hr 


3hr 


4hr 


5hr 


6 hr 


7hr 


8hr 


9hr 


0.699 


1.300 


1.521 


1.607 


1.660 


1.732 


1.797 


1.841 


1.890 


1.927 



After about 3 hrs of induction cells tended to clump together with most turbidity settling out 
30 of the broth by gravity in about an hour. Final density of cells stayed low for growth in a rich 
media such as terrific broth but final weight of pellets was adequate. The total wet weight 
was 35.3 g, corresponding to 17.7g/liter culture. Interestingly the cells were orange/pink 
probably due to various intermediates in the heme biosynthetic pathway. It is clear from 



SUBSTITUTE SHEET (RULE 26) 



WO 01/07065 



PCT/DK00/00425 



69 



the low growth rate and final densities achieved that cultures were limited by the amount of 
oxygen available. 

Lysis by sonication was essentially complete after 5 cycles as seen by following 
5 absorbance readings (Table 15). 



Table 15 



# rounds 


0 


1 


2 


3 


4 


5 


6 


7 


OD600 


30.33 


20.15 


12.90 


9.43 


6.14 


3.86 


3.31 


2.99 


%down 




34 


36 


27 


35 


37 


14 


9.7 



10 It appears from the % decrease of optical density that for each of the first 5 rounds of 
sonication, about the same percentage of cells were lysed. After this the percentage of 
newly lysed cells dropped rapidly. For each of the first 4 rounds viscosity of the lysate was 
relatively high due to the presence of unfragmented genomic DNA but this decreased 
significantly after further rounds from shearing of the DNA into smaller fragments. 



15 



DEAE Sepharose: 



Elution of proteins from the DEAE ion exchange column occurred in 4 distinct peaks as 
seen in the elution profile in Figure 19 and by protein assay in Table 16. SDS-PAGE 
20 analysis of the eluted fractions shows that these peaks contain four separate peaks of 
rhPBGD-His eluted with the step gradient of KCI (Figure 20). The first and major peak was 
eluted in fractions 9 through 13 with 50 to 70 mM KCI. As seen by gel analysis (see F.gure 
20) purity was fairly good for a first step of the purification, especially in fractions 10 
through 13. The second peak eluted in fractions 15 through 18 with 80 mM KCI. The major 

25 contaminant in this peak, in about equal molar proportions to desired product, was a 
protein running at about 5 kDa smaller than rhPBGD-His. The third peak in fractions 20 
through 23 eluted with 90 to 100 mM KCI and had less visible contaminants than the 
second peak. The fourth and final peak eluted in fractions 26 through 29 + with 110to120 
mM KCI The fractions were split into 2 pools for further purification. The first pool, 

30 comprising the major peak of rhPBGD-His elution contained fractions 9 through 12. The 
second pool contained fractions 13 through 29 along with the next 50 ml of 120 mM KCI 
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elution buffer. These two pools eluted by ion exchange contained 877 mg protein out of 
3253 mg loaded, corresponding to a 3.7 fold decrease in total protein (See Table 16). 

Cobalt Affinity: 

5 

From the first cobalt run the majority of rhPBGD-His eluted in a sharp peak with a volume 
of 30 ml upon addition of 50 mM imidizole (see Table 17 for protein assay and Figure 22 
for SDS-PAGE results). A final elution with 100 mM imidizole released no detectable 
protein absorbing at 280nm. In the second cobalt run (Figure 21) surprisingly, the first 
10 imidizole wash of 5 mM eluted a small uncolored peak of absorbance with a volume of 
about 50 ml. The second wash with 10 mM imidizole then eluted a larger and broader 
orange/pink colored peak of about 150 ml. Further elution with 50 mM imidizole yielded a 
large sharp uncolored peak of 23 ml. 
Characterization: 

15 

Amino Acid Analysis: 

Amino add analysis of 3 of the fractions (Cobalt run #1 50 mM imidizole eluate (in 
duplicate,) Cobalt run #2 10 and 50 mM imidizole eluates) yielded conclusive data that 
20 rhPBGD-His was being purified. Results from the analysis allowed for a very accurate 
measure of protein concentration calculated from the concentration of individual amino 
acids (see Table 18). 

Specific Activity: 

25 

Specific activity of the first 50 mM imidizole eluate of rhPBGD-His from the cobalt column 
turns out to be high at approximately 24 U/mg (Units are in pmol PBG consumed per mg 
protein in one hour). Activity of rhPBGD-His was found to be strongly dependent on pH 
with a sharp rise from 7.0 to 8.0 where it approached a plateau. The optimum was around 

30 pH 8.2. The optimum PBG substrate concentration was found to be around 1 mM. 

rhPBGD-His had activity with all concentrations of PBG, however with amounts less than 1 
mM the reaction was limited by available substrate, decreasing both the Vmax and the 
linearity over time as substrate was depleted. It was not found to be necessary to 
decolorize remaining benzoquinone with sodium metabisulfite as used in a published assay 

35 (Shoolingin-Jordan P.M. et al. 1997, Methods in Enzymology, 281:317-327). Strangely 
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enough if acidification and oxidation were done in a smaller total volume (240 pi vs 1 ml) as 
done by this research group then a highly colored product develops during the incubation 
on ice. This product must be decolorized with a saturated solution of sodium metabisulfite 
to obtain accurate reaction absorbances. There was no significant difference in enzymatic 
5 activity found as measured by these two variations of the method. 

Generally assays have been set up with both time and enzyme concentration as variables. 
This allows for a more detailed analysis of the results with a built in validation. If activity is 
fairly linear from different timepoints at any enzyme concentration then it can be inferred 
10 that substrate is not limiting and that reaction measurements are valid over that range. If a 
measurement is taken at only one timepoint then there is no indication of whether the 
enzyme is still functioning at V-max. 

Reaction volumes in 96 well format have been limited by the size of PGR tubes to 150 pi. 
15 Volumes from between 50 and 150 \i\ have been tried with a noticeable increase in linearity 
over time and with increasing enzyme amounts seen with the larger volumes. Additional 
increases in volume would make even more substrate available and dilute the protein 
further, thereby increasing the linearity over time and enzyme concentrations. However the 
increase in cost of the assay from PBG substrate would be substantial. 

20 

For routine analysis of similar protein preparations at similar concentrations it should be 
possible to standardize the assay and use far fewer data points and still obtain an accurate 
measure of PBGD activity. Optimally a standard curve of rhPBGD-His of known activity 
would be included to validate the results and to simplify analysis. Basically multiple 
25 variables including time would be internally controlled. With a four-parameter logistic curve 
of the standards one could use any time point and a wide range of sample concentrations 
to obtain accurate activity measurements. Single use aliquots of highly pure rhPBGD-His 
could be stored frozen for use as standards. 

30 Mass Spectrometry: 

Mass spectrometry of the 50 mM imidizole elution peaks from the two cobalt runs yielded 
molecular weights of: 

1 st cobalt run eluate: 38,816.8, standard deviation = 3.68 
35 2 nd cobalt run eluate: 38,814.6, standard deviation = 4.70 
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1 st cobalt eluate dialyzed for antibodies: 38,817.1, STD deviation = 3.33 

These weights correspond to the holoenzyme without any additional substrate molecules 
attached. 

5 

Evaluation and conclusions 



We found that with a simple two step purification process involving ion exchange and 
cobalt affinity chromatography we could achieve a yield of 173 mg/l rhPBGD-His with a 

10 purity of greater than 98% starting from a bacterial crude lysate. Each one of the enzyme 
intermediate complexes is stable and can be independently isolated (Anderson P. M and 
R. J. Desnick, 1979, The Journal of Biological Chemistry 255(5): 1993-99, Jordan P.M. et 
al. 1988, Biochhem.J. 254:427-435, Miyagi K. et al. 1979, Proc.Natl.Acad.Sci.USA 
76(1 2):61 72-76). This may be a major contributing factor to the differential binding of 

15 different enzyme fractions to the DEAE ion exchange matrix Due to the negative charges 
contributed by acetate and propionate side groups on the growing chain of porphobilinogen 
molecules it could be theorized that binding affinity to the ion exchange resin would be in 
the order E<ES<ES2<ES3. That would imply that the first peak could be the holoenzyme 
followed by the others in the same order of the reaction progression. The cobalt column 

20 also eluted rhPBGD-His in different fractions during the second run. It is strange that the 
elution profile from the second run was different from the first. It would be expected that all 
closely related proteins with a his-tag would bind to cobalt with the same affinity. This 
implies that either the His-tag is partially digested away or partially obscured due to protein 
conformational changes or charge interactions. The difference in elution characteristics 

25 may also be due to differences between the various enzyme-substrate intermediate 

complexes as hinted by the color difference in the 10 mM elution peak. From a report in the 
literature by Jordan P.M. 1994, Wiley, Chichester (Ciba Found Symp 180), p70-96, the 
ES2 intermediate complex has a pink colored chromophore. The 10 mM imidizole fraction 
from the second cobalt column run has a pink color while the other fractions do not. This 

30 implies a separation of different enzyme substrate intermediates in different fractions. If the 
colored protein peak is predominantly composed of the ES2 intermediate then it could be 
extrapolated that the peak at 5 mM would be ES3. Whatever would be decreasing the 
binding of ES2 to cobalt whether conformational or charge related as compared to ES 
would likely be enhanced with the ES3 intermediate. The peak released with 50 mM 
35 imidizole and with stronger binding to DEAE could then be the ES form. Holoenzyme by 
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itself may be the remaining form, purified during the first cobalt run, binding less tightly to 
DEAE due to a higher pi and elute from nickel with 50 mM imidizole. When the mass of the 
two 50 mM cobalt eluates were compared however there was no significant difference 
detected. Both corresponded to the weight expected for holoenzyme alone. Unfortunately 
5 no reliable mass measurement of the 10 mM eluate was obtained due possibly to 
precipitation problems with a lower rhPBGD-His protein concentration. If a difference of 
elution characteristics between the different enzyme substrate intermediates is occurring 
then a likely explanation would be due to the large conformational changes that take place 
during the course of the reactions From E to ES4 (Jordan P.M. 1994, Wiley, Chichester 

10 (Ciba Found Symp 180), p70-96, Louie G.V. et al. 1996, Proteins 25(1): 48-78). The C- 
terminal His-tag on the third domain of the protein could become partially hidden and 
rendered sterically less accessible when the reaction proceeds past the ES1 form. A direct 
interaction between the his-tag and the growing substrate chain would be less likely. At a 
pH of 8.5 histidines should be in an electron rich unprotonated state and the substrate 

15 complex should also be in an electron rich state even though acidic side chains are 

neutralized by basic amino acids in the catalytic cleft (Jordan P.M. 1994, Wiley, Chichester 
(Ciba Found Symp 180), p70-96, Louie G.V. et al. 1996, Proteins 25(1): 48-78). 
Conformational changes in rhPBGD-His occurring during the reaction could conceivably 
make accessible other charge groups for interaction with the his-tag either on the surface 

20 or perhaps the same ones meant for dampening charges from the growing substrate 
polymer in the cleft. 



Equipment and supplies lists are shown in appendix 4 and 5, respectively. 
Appendix 4 Equipment list: 



Item 


Manufacturer 


Serial Number 


Pipetman P-1000 


Gilson 


N55287E 


Pipetman P-200 


Gilson 


N52324E 


Pipetman P-20 


Gilson 


N53465M 


Pipetman P-10 


Gilson 


P626586 


541 5C centrifuge 


Eppendorf 


5415B68381 


GS-6KR centrifuge 


Beckman 


NGD97J18 


Avanti J-25 I centrifuge 


Beckman 


JJY97J14 


DU 640B Spectrophotometer j 


Beckman 


4323015 


Genie II vortex 


VWR 


2-241186 
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oeneAmp r^K system ^auu 


Port-in Plmor /DC\ / 

renvin timer \Jtgl) i 

Anr\lioH R incv/ctomc / A Pl\ 

/Afjfjucu Diooysmiiio ^mdi ) 




^qhq A m rv DPD eucfom OAflfl 

v?6n6/Mnp rur\ sysiern ahuu 


PP / ARI 
■ u. / nul 




vjSn©/\mp rOK system y/uu 






io4o mcuDator 


\AA/P 

vvvr\ 


nono^Q7 


dio I gk rL-ouu piate reaaer 


RinTolr 




pro i earn lo oystern 






in u pa go tiectropnoresis oystem 


INUVtA 




Gel Destainer 


DioKao 




Power rac zoo 


tsioKaa 




Power Pac 1000 


DioKaa 




Innova 40UU incubator 


New t> runs wick ocientitic 


oyuiooooo 


Innova 4000 incubator 


New DTunswicK ocientmc 




Power Mac G3 computer 


Macintosn 


V A QnC -4 A ODDVA/ 

AAoUo iAoddW 


Trinitron Multiscan zooob monitor 


Sony 




ljfm/a ariaiyoio ouTLwarc. otfutjwui 




Y/orQirir. 9 *5 1 


Sonifier450 


Branson 




1/2 W diameter stepped disruptor horn 


Branson 




2.5 X 50 cm LC column 


Spectrum 




1 .5 X 30 cm LC column 


Spectrum 





Appendix 5 Supplies List 



Item 


Supplier 


Cat# 


Lot* 


Ampicillin 


Sigma 


A-9518 


76H0434 


Bacto Agar 


Difco 


0140-07-4 


106728JA 


Tris six-pack "C" 


Sigma 


T-PAC-C 


77H9049 


Trizma Base 


Sigma 


T-8524 


28H5436 


HCI 


Sigma 


H-1758 


37H3495 


PBG (5mg) 


Sigma 


P-1134 


77H0930 


PBG (1mg) 


Sigma 


P-1134 


36H1297 


BSA (fraction 5) 


Sigma 


A-6003 


87H7603 


DTT 


Sigma 


D-9779 


105H7711 
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Methanol 


Fisher 


A452SK-4 


982215 


P-Benzoquinone 


Acros 


10563-0050 


A01 1202801 


DEAE Sepharose Fast Flow 


Pharmacia 


17-0709-01 


256288 


Chelating Sepharose Fast 
Flow 


Pharmacia 


17-0575-01 


253865 


Nickel Sulfate 


Sigma 


N73-100 


985482 


Talon Superflow Metal Affinity 
Resin 


Clontech 


8908-2 


8110601 


Centricon Plus-80 (Biomax 8) 


Millipore 


UFC5 BFC 02 


Not available 


Nupage 10% Bis/Tris gels 


Novex 


NP0302 


Various | 


Protein Assay Kit II 


BioRad 


500-0002 


591 63A, 621 71 A 


Centricon-10 


Millipore 


4321 


L8PM2042 


KCI 


Sigma 


P-9333 


68H01001 


NaCI 


Sigma 


S-3014 


97H1151 


Imidizole 


Fisher 


03196-500 


985421 [ 


Coming microtiter plate 


Fisher 


07-200-89 


Not available 


Costar 96 well X 2ml plate 


Fisher 


097-61-117 


Not available 


MicroAmp Reaction Tubes 


Perkin Elmer 


N801-0838 


S18N8-41 


MicroAmp Full Plate Cover 


Perkin Elmer 


N801-0550 


090397 


Spectra/Por2.1 Biotech 
DispoDialyzers MWCO: 15k 


Spectrum 


135030 


11987 
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Table 16 Protein assay results on DEAE fractions (with BioRad's Protein assay II kitt: 



protein rhPBGD-His protein 



sample 


vol(ml) 


mM KG 


mq/ml 


mq/ml 


mq pro! 


qel # 


well# 


pool 


mq poo 


DcAt Load 


OOP 

! 381 




8.56 




3253 


1 


2 






DEAE FT 


38C 


fx 

0 


1,33 




505 


1 


3 






DEAE #1 


16 


0 


0.26 


0.00 


4 


1 


4 






2 


60 


0 


0.23 


0.00 


14 


1 


5 






3 


100 


0 


0.044 


0.00 


4 


1 


6 






4 


215 


0 


I 0.002 


0.00 


0 


1 


7 






5 


320 


0 


0.005 


0.00 


2 


1 


8 






6 


75 


50 


0.11 


0.00 


8 


1 


9 






7 


100 


50 


0.19 


0.00 


! 19 


1 


10 






! 8 


! 100 


50 


0,14 


0.00 


14 


1 


11 






9 


94 


50 


0.61 


0.31 


57 


1 


12 


1 


334 


S 10 


100 


50 


I 1.44 


1.15 


144 


2 


1 


1 


1 


11 


38 


! 60 


1.05 


! 0.84 


40 


2 


2 


1 


1 


12 


135 


60-70 


0.69 


0.48 


93 


2 


3 


1 


V 


13 


100 


70 


0.4 


0.10 


40 


2 


4 


2 


543 


14- 


50 


80 


0.43 


0.09 


22 


2 


5 


2 


I 


15 


50 


80 


0.96 


0.34 


48 


2 


6 


2 




I 16 


5C 


80 


0.98 


0.49 


49 


2 


7 


2 




17 


50 


80 


0.57 


0.29 


29 


2 


8 


2 




18 


50 


80-90 


0.48 


0.14 


24 


2 


9 


2 




19 


50 


90 


0.42 


0.13 


21 


2 


10 


2 




20 


50 


90 


0.61 


0.24 


31 


3 


1 


2 




21 


50 


90-100 


0.93 


0.70 


47 


3 


2 


2 




I 22 


50 


100 


1.08 


0.86 


54 


3 


3 


2 




23 


50 


100 


0.57 


0.34 


29 


3 


4 


2 




24 


50 


110 


0.41 


0.08 


21 


3 


5 


2 




25 


50 


110 


0.61 


0.09 


31 


3 


6 


2 




26 


50 


110 


0.69 


0,17 


35 


3 


7 


2 




27 


50 


110-120 


0.73 


0.44 


37 


3 


8 


2 




28 


28 


120 


1,07 


0.86 


30 


3 


9 


2 




29 


50 


120 


1.08 


0.76 


. 54 


3 


10 


2 


V 
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Table 17 Second cobalt run fractions with other samples in Figure 20 gel 



Sample 


Imidizole 


volume 


Cone. 


Total 


Gel 


Ico-pure 


description 


mM 


ml 


mg/ml 


mq 


lane 


mq 


Co-1 load 


0 


367 


0.78 


286.3 


2 




Co-1 FT 


0 


367 


0.22 


80.7 


3 




Co-1 Eluate 


50 


30 


6.46 


193.8 


4 


193.8 


Ml #1 Nickel 


500? 




9.65 




5 






i o 




1.73 




6 




I Abprep#1 | 0 


3.3 


4.00 


13.2 


7 






| 0 


900 


0.23 


207.0 


8 




FT tail 


0 


30 


0.02 


0.6 






Cobalt-2 w1 


5 


100 


0.01 


1.0 






" w2 


5 


50 


0.14 


7,0 






" w3 I 


5 


52 


0.02 


1.0 






" w4 


5 


100 


0.04 


4.0 






I " w5 


10 


50 


0.07 


3.5 






" w6 


10 


50 


0.81 


40.5 


9 




" w7 I 


10 


50 


0.81 


40.5 


10 


101.5 


" w8 


10 


50 


0.41 


20.5 


11 


" w9 


10 


130 


0,20 


26.0 






" E1 


50 


22.5 


2.29 


51,5 


12 


51.5 


" E2 


50 


30 


0,11 


3,3 







T o tal mg hi g hly p u re rhP B GD-His (by a min o acid a n a lysis) = | 346.8 t 
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Table 18 rhPBGD-H8s amino acid analysis: 



Cobalt eluates 









#1 


#2 


#3 


#4 


aa 


trdci 


% whole 


umot/nrt 










[PBGDl 




fPBGOl 
















aa 


aa 


aa 


fPBGD 


aa 


PBGDI 


Ala 


29 


8,31 


4,8220 


0.166 




0,020 


1,6950 


0,058 


4,5406 


0,157 


Ara 


21 


6.02 


3.7279 


0.178 


0.4550 


0.022 


1.3050 


0.062 


3.5129 


0.167 


Asn 


10 


! 287 


















Aso 


19 


5.44 


4.7157 


0.163 


0.5755 


0.020 


16510 


0.056 


4.4442 


0.153 


CVs 


4 


1.15 


















On 


19 


5.44 


















Gu 


21 


6.02 


6.7648 


0.169 


0,8152 


0.020 


2,3592 


0.059 


6.3524 


0.159 


Gv 


27 


7,74 


4.3933 


0.163 


0.6120 


! 0.023 


1,5595 


0.058 


4.1137 


0.152 


His 


18 


5,16 


2.5664 


0.143 


0.2539 


0.014 


0.7947 


0.044 


Z4518 


0.136 


lie 


20 


5.73 


3.0511 


0.153 


O.oool 


A A«1 O 

0.01 o 


1.0561 


0,053 


2.8381 


0.142 


Leu 


43 


12.32 


7.0235 


0.163 


0,0000 


0.020 


2.4506 


0.057 


6.6020 


0,154 


Lys 


18 


5.16 


29241 


0.162 


0.3538 


0.020 


1.0427 


0.058 


2.7135 


0.151 


Met 


6 


1.72 


0.8691 


0.145 


A none 
0.099b 


0.017 


0,3072 


0.051 


0.8252 


0.138 


Phe 


9 


258 


1.4713 


0.163 


01825 


0020 








n 


Pro 


16 


4.58 


2.7268 


0.170 


0.3708 


0.023 


1.1194 


0.070 


2.8441 


0.178 


Ser 


18 


5.16 


28356 


0.158 


0.3570 


0.020 


1.0121 


0.056 


2.8680 


0.159 


Thr 


20 


5.73 


3.4426 


0.172 


0.4272 


0.021 


1.2154 


0.061 


3.2746 


0,164 


Trp 


2 


0.57 


















Tyr 


3 


0.86 


0.5150 


0.172 


0.0626 


0.021 


0.1734 


0.058 


0.4823 


0.161 


va 


26 


7,45 


4.0526 


0.156 


0,4920 


0.019 


1.4292 


0.055 


.3,7740. 


0.145 


Avg vmoUmci rhPBGD+is: 
(w/o bold values) 


0.167 




0.021 




0.059 




0.159 


Avg msM rhPBGD+fe: 


6.46 




0.81 




2.29 




6,17 


(MW= 38759,4) 
Volume (rrt): 


30 




100 




225 




5 


cmxmt in fraction (nig): 


193.7 




80.8 




51.6 




30.8 



sample 


run* 


imidazole Notes I 


m 


1 


50 mM 


Major ceak of cobalt efuate (from 50->60mM KC3 elution from DEAB 


#2 


2 


10 mM 


70->120rrM KCI elution from DEAE : cobalt fractions W6.7 




#3 


2 


50 mM 


" fraction E-1 




#4 


1 




#1 diafyzed -> PBS+ 5mM Tris/Q pH 8.0 (used for 2nd round Anbbocf es) j 



Analysis done at AAA Laboratory 

By: Lowsil Ericsson, Nancy Ericsson 

Address: 6206 89th Ave SE Mercer Island, Washington 98040-4599 
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COMBINATION THERAPY 



Combination thoranv of rhALAD AND rhPBGP 

The etiology behind AIP is not fully understood. However, the accumulation of the two 
5 heme- precursors delta-aminolevulinic acid (ALA) and porphobilinogen (PBG) are likely to 
be involved. ALA and PBG have been suggested to be toxic to the central and peripheral 
nervous system causing the well known symptoms such as abdominal pain, muscle 
weakness, loss of sensory functions as well as epileptic seizures, respiratory paralys.s, 
hallucinations and psychosis, observed during acute attacks. 

10 

The rationale for the enzyme substitution therapy in AIP patients is based on the 
administration of rhPBGD by sc. injections to lower serum and intracellular PBG levels. 
PBG will be metabolized to preurophorphyrinogen. Preuroporphyrinogen will subsequently 
enter the normal heme biosynthetic pathway and be metabolized to heme. 
15 Hence. rhPBGD enzyme replacement therapy will have a dual action, 
i) reduce circulating levels of toxic PBG and ii) restore heme production. 

In the etiology of the disease it has been suggested that ALA might have an even more 
toxic effect that PBG. Therefore, a reduction of both ALA and PBG may be desired. 

20 Treatment of AIP patients with rhPBGD will i) reduce circulating levels of PBG as well as 
ALA since ALA and PBG are in equilibrium with each other through coupled enzyme 
reactions e.g. deta-aminolevulinic acid dehydratase (ALAD) and porphobilinogen 
deaminase PBGD and ii) restore heme production. A block in the PBGD enzyme will result 
in the accumulation of both PBG and ALA. Administration of rhPBGD will quickly 

25 metabolise PBG and lower ALA levels as well, through changes ihthe equilibrium of the 
ALAD enzyme reaction. 

An accelerated reduction of ALA might be beneficial to AIP patients. Hence, a 
coadministration of both rhPBGD and rhALAD will rapidly reduce both heme precursors. 

30 The mixing and administration of rhALAD and rhPBGD could be done in two ways, either. .) 
a product containing both enzymes at fixed proportions or ii) administration of rhPBGD and 
rhALAD by two separate subcutaneous injections. In the latter case the dose of the two 
enzymes could be adjusted to obtain optimal individual therapy. Administration of separate 
enzymes provides also a possibility for optimal temporal order of administration to obtain 

35 the best individual therapeutic effect. 
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The above combination of PBGD and ALAD is also believed to be benecial in connection 
with treatment of HCP and VP as these patients may also have elevated levels of the 
enzymes PBG and ALA. 

5 

Combination therapy of rhPBGD and rhUroporphvrinooen III cosvnthetase 
Coadministration of rhPBGD and ^Uroporphyrinogen III cosynthetase to some AIP 
patients are likely to be beneficial, by improving conversion of preuroporphyrinogen to its 
uroporphyrinogen III isomer rather than the I isomer. The I isomer forms spontaneously 
10 from preuroporphyrinogen and can not be further metabolised into heme. Hence, a 
coadministration of rhPBGD and Uroporphyrinogen III cosynthetase will ensure a better 
restoration of normal heme synthesis in that less amount of the uroporphyrinogen I isomer 
will be formed. 

15 Combination therapy of rhALAD. rhPBGD and rhUroporphvrinoaenlllcosvnthetase 
rhPBGDcosynthetase can be coadminstered with both rhPBGD and rhALAD to specific 
patients to obtain beneficial heme synthesis restoration. 

It is within the scope of the present invention to extend a combination therapy to other 
20 enzymes mentioned herein and to treatment of the other porphyias. 

Example 5 

Treatment of other porphyrias 

25 

In analogy with the new treatment of AIP patients with (recombinant) PBGD, hepatic 
Porphyrias such as ALA deficiency Porphyria (ADP), Porphyria cutanea tarda (PCT), 
Hereditary Coproporphyria (HCP) and Variegata Porphyria (VP) can benefit from 
substitution therapy by rhALA dehydratase, rhUroporphyrinogen decarboxylase, 
30 rhCoproporphyrinogen oxidase and rhProtoporphyrinogen oxidase, respectively. 

Patients having Erythropoetic Porphyrias such as Congenital erythropoietic Porphyria 
(CEP) or Erythropoietic protoporphyria (EPP) will benefit from substitution therapy with 
rhUroporphyrinogen III synthetase and rhFerrochelatase, respectively. 



SUBSTITUTE SHEET (RULE 26) 



^ ~ PCT/DKOO/00425 

WO 01/07065 

81 

Hepatoerythropoietic Porphyrias e.g. Hepatoerythropoietic Porphyrias (HEP) can be 
treated with ^Uroporphyrinogen decarboxylase. 

k "ae can be treated by the administration of the enzymatic activity lacking or 
as described above. 

a manner similar as disclosed above. 
Example 6 

15 NIH3T3 cells 

Experimental Procedures 

- c* rr ACVTCATGTCCGGTAACG-3' and the backward 5 - 
s»e San and a K ^;*!;!^^ ATC ^ TrAAG . 3 - that contained a flrf «M« *■ 

wormed bV the recombinant vector and the 

antibiotic kanamycin. The recombinant plasm.d. pNGVL3-GTC1 PBfa 
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selected dones and ft. PBGD cDNA insert was confirmed by restriction enzyme ana»sia 
and sequencing. 

5 ZTZZa NIH 3T3 ceils were maintained in Dutbecco s modffled Eagle's medium 
supp.eme.aed *h 10% M - serom and gentamydn ,c a M concenlrahon 
of 50 ng/mL. 

» - were seeded on a 3 on M P«e at 100 000 cei^ and 
,0 grown 24 hours in an abator a, -37-C conteinmg 5% CO, ,o a «™ * «~ ^ 
cans in each wail were transfer** with the following polyethylen,m,ne <PEI) based 
transfeetion protocol (final volume 20 pL): 

. 5 pL of 1 pg/pL plasmld <pNGVL3-GTC1-PBGD. housekeeping form, or pNGVL3- 

GTC1) 

15 . 7.6PLH2O 

. 5 pL of 20% glucose 

2 4 pL of a 0.1 mol/L 25 kD PEI solution 
M reagents were added .0 a tesltube in aie order described above, mixed ftoroughiy and 
m a. room temperature for len minutes. A volume of 200 pL DMEM from ft, , wei. was 

20 romped and mid vrift the 20 pL of die fransfecdon m*ure and ^enedba^to*. 
we« 24 hours after me transfer the eels were washed once w*h 
^ne (PBS) and lysed with 500 pL of passive fysia buffer (PLB)Mel. (PLB ,s oblamed from 
CSL. - — - Ptaced on an ori*a. shaker for 15 minutes. The cel. lysates 
were kept in the freezer -20 °C. 

25 PBGD Activity Assay 857-868. 1974 with 

The PBGD activity assay is according to Magnussen et a.. Blood. 44 ,857 86 

some modifications. Three hundred pL of me cell lysate was m«ed wdh 1 1B mL Tns HCt 

buffer (50 mmol/L. pH 8.2). The readion was initiated by adding 50 pL of 3 mmoW. 

porphobilinogen (PBG). The mirture was abated a. <«-C tor 60 minutes .MM. 

30 waterbath w* shaking and ma reacdon was terminated by adding 1 .50 mL of 25* 

trichloroacetic acid (TCA). The samples ware centrifuged for ten rmnutes ,n a Heraeus 

Megafugeat 3508 gte remove parddes and proceed proteins and me supematen, was 

Iransferred .0 a clean tesdube. The samples were kept dark fdr 2.5 hours and the 
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fluorescence of the product uroporphyrin I in the supernatant was measured at the 
excitation wavelength 405 pm and the emission wavelength 596 pm. 
A tissue blank was included in the assay, which was cell lysate from HeLa cells. A volume 
of 300 pL cell lysate was mixed with 1 .15 mL Tris-HCI buffer (50 mmol/L ? pH 8.2), and by 
5 adding 1 .5 mL of 25 % TCA to the sample prior to incubation the PBGD were precipitated 
and no formation of product could occur. 

Uroporphyrin I was used as standard with a concentration range between 0 to 33.3 ng/mL 
As positive control bloodsamples from two different acute intermittent (AIP) patients was 
used, one with very high level of PBGD activity (erythroid form) in the erythrocytes and one 
10 with low level, and a third control was the PBGD activity in erythrocytes from a normal 
healthy individual. 

Protein Assay 

The protein concentration in the cell lysate was determined by the dye-binding reaction, 
Bio-Rad DC Protein Assay. Bovine serum albumin was used as standard and Seronorm™ 
15 Protein as control. 

Results 

The basal activity in the two different cell lines were measured (four times in HeLa and five 
times in NIH 3T3). Three samples from each cell line were transfected with pNGVL3- 
GTC1-PBGD and one sample from each was transfected with the plasmid pNGVL3-GTC1 
20 without PBGD insert. Table 19 illustrates the results obtained from the PBGD activity 
analysis and the protein assay. 



Table 19: Results from the PBGD activity assay and the protein assay in HeLa cells and 
NIH 3T3 cells, non-transfected and transfected with pNGVL3-GTC>PBGD and pNGVL3- 
GTC1. . 



1.1.1.1.1 Sample 


Protein 
concentra- 
tion g/L 


PBGD Activity 
(nkat/L) 


PBGD 

Activity/Protein 
cone (pkat/g prot) 


HeLa 


2.11 


0,0353 


16,73 


HeLa 


1,88 


0,0273 


14,52 


HeLa 


1,94 


0,0246 


12,68 


HeLa 


1,54 


0,0227 


14,74 


HeLa + pNGVL3-GTC1-PBGD . 


1.73 


12,07 


6977 


HeLa + pNGVL3-GTC1-PBGD 


1,94 


7,858 


4051 


HeLa + pNGVL3-GTC1-PBGD 


1,91 


12,65 


6623 
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HeLa + DNGVL3-GTC1 


2 03 


0 0175 


8 6? 










NIH 3T3 


1 94 


0 0451 


£O t ^J 


NIH 3T3 


2,06 


0,0494 


23,98 


rMin OIO 






Oft *f ft 


NIH 3T3 


1,95 


0,0453 


23,23 


IMIri o 1 o 


1,00 


0,0429 


26,32 


NIH 3T3 + pNGVL3-GTC1- 


1.76 


0,486 


276,1 


r>lin OIO" (JnOVLO-O 1 v 1" 

PBGD 


1 A1 

l,OJ 






NIH 3T3 + pNGVL3-GTC1- 
PBGD 


1,86 


0,381 


204,8 


NIH 3T3 + pNGVL3-GTC1 


1,93 


0,0261 


13,52 



(7 n/ca£/L corresponds to 0.060 units/L) 



Figure 23 and 24 illustrate these numbers in diagrams. The expression of PBGD in HeLa 
cells was increased up to 475 times from the basal activity and in NIH 3T3 cells up to 11 
times. According to the method described herein, the expression of PBGD can be 
5 increased at least 100 times from the basal activity, such as at least 200 times, preferably 
300 times, more preferably 400 times, such as about 500 times even at a higher increase 
may be obtained. 

In NIH 3T3 cells an increase of at least 3 times, such as at least 6 times, preferably at least 
10 times such as 11 times can be obtained according to the present method and it is 
1 0 believed that it may be increased further. 
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Example 7 

P-9808: Summary and method of a high scale fermentation process using E.coli and 
a down stream process for production of extract containing active recombinant 
human Porphobilinogen Deaminase (rhPBGD) 



The most important facts about the process is summarised in table 20 below. 
Table 20 



Step 


Methods for Fermentation process 


1. Strain 
propagation on 
agar plates. 


4 pes. of M9H-Tc (6 rngP') agar plates are inoculated with 
cells from a Working Cell Bank (WCB) cryo vial stored at < - 
70 °C. 

The agar plates are incubated upside down for 24 + 4 h at 30 
+J °C 


2. Shake flask 
cultivation 


Two 1 L baffled shake flasks containing 250 ml M9H-Tc (6 
mgf 1 ) substrate are incubated with growth from 1 Y* M9H-Tc 
(6 mgr 1 ) agar plate each. The shake flasks are incubated in 
a rotary shaker at 135 + 15 rpm for 12-14 h at 30 + 1 °C. 
After incubation the broth from both shake flasks is pooled 
together in a container suitable for transfer to the 14 L 
inoculum fermenter. 


3. Inoculum 
fermentation 


The 14 L fermenter containing 8 + 0.4L MM5Y-Tc (6 mgr ') 
substrate is inoculated with 500 ml broth both shake flasks. 
The inoculum fermentation is performed as a batch 
fermentation with the conditions described below. 
When the OD 6 2o is in the interval 7-10 the broth is 
transferred to a container suitable for transfer ot the broth to 
the 1500 L fermenter. 

Fermenter 14 L Chemap fermenter with standard type 
configuration 

Temperature: controlled at 30 + 1 °C during fermentation. 
pH : controlled at 7,0 + 0,2 by titration with 12,5% (w/v) NH 3 
and 2 M H&O* 

p0 2 : controlled > 20 % by manual increases in stirrer speed 
or aeration. 
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1 


Initial stirrer speed: 800 + 100 rpm 




I Initial aeration* 4 5 Nimin* 1 1 n s wiun 




1 Fermentation time* Annrovimatpl\/ O h /nn in tu^i • i 1 

• wuiiviiiauuM uiiic AA^/piuAiiiiditJiy » n is in tne interval 1 




7-10) 


|4. Production 


i uuu u ici meruer containing tJou + iuu L MM20Y-TC 1 


fermentation 


1 substrate is inoculated with the hmfh fmm tho i ■n^^..i.. M I 
• »» pwvuiuiv/u ">u> uiuui ii wiii u i6 i*r l. inoculum 1 




1 fermenter. Fermentation conditions om nSuon kaUhi 1 




1 Fermenter 1500 L ChemaD fenmenter with ^taneiarri I 

a iviiiienici Willi olctllUdlvJ lyp6 | 




I configuration 




I Temperature: Controlled at 30 + 1 °c whan formanMu« I 
■ w.. r wiu»wiv. wwiiuviicu mgvT i wnen Tennentauon is I 




i sioppea me orotn is cooled down to 20-25 C. 




1 dH • Controlled of 7fl + n o h*# fjff— ..ju. r>f «/ / 1 
wn . v^jiiuuiieu ai / t u jr oy titration with 25 % (w/v) NH3 




and 2 M H~5^0. 

I ai iu ^ ivi 1I2OV-/4 




po 2 . Controlled > 20 % by manual increases in stirrer speed 




or aeration 1 

dwldllwll* 1 




initial stirrer speed. 200 + 50 rpm, max 400 rpm. 




Initial aeration* AO*^ + 1 nn Mimin*^ / n c \ aai\ I 

miuai dci duui 1. jr iuu iNimin \ u,o WM), max 775 I 




Nlmin 1 




C0 2 in oulet gas: Controlled < 7 % by manual increases in 




aeration. I 




Glucose feed (600 al~ 1 V Initiated whAn nii^ca ^n^ w *r rt i:«- I 
wi^wv^w fwwu \uw yi j. niiuctitru wnen giucose concentration I 




< 0,5 gr 1 




u-f n arter teed start 3,0 Imin j 




n aner teed start 6,0 Imin 1 




i*f n - cno fermentation 9,0 Imin 


1 1 * 


2 M MgS0 4 x 7 H 2 0 feed: Constant feed rate of 490 mltf 1 




nitiaded at the same time as the glucose feed 


I 


r ermentation time : Fermentation is stopped when OD 620 = 


1 


00 + 20 


( 


* 28-30 h.) 
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Step 


Methods for Down stream process 


5. Cell 

concentration using 
membrane filtration 


300 liter broth is concentrated 2 times with a cross-flow 
membrane at a temperature of 15-25°C. After concentration 
cells are washed with a volume of 2 times the cell 
concentrate volume. The buffer used is 50 mM sodium- 
phosphate buffer + 1,34 mM EDTA, pH 7,4. 
Filter equipment: Biomax 1000 K, Millipor, Pellicon, 4 x 2 m 2 
During filtration temperature, pressure and permeate-flux are 
controlled. 

End volume: 150 + 10 liter. 
Permeate-flux: 15 + 2 lm~ 2 h"\ 


6. Homogenisation 


Cell concentrate is homogenized 800 bar, 3 passages with a 
flow-rate of 100+10 lh" 1 . Homogenate temperature is set at 
15-25°C between passages. After the third passage 
homogenate is diluted 2,5 times with 50 mM sodium- 
phosphate buffer+1,34 mM EDTA, pH 7,4. During 
homogenlzation temperature, pressure and permeate-flux 
are controlled. 

Homogenizen Rannie Type LAB 10-51VH, Max pressure 
1500 bar. Supplier APV 


7. Cell debris 
removal by 
membrane filtration 


Diluted homogenate is concentrated 2,5 times with a cross- 
flow membrane at a controlled temperature between 15 and 
25°C. The concentrate is then dia filtered with the same 
membrane to a theoretical yield of 85 +5 % with 50 mM 
sodium-phosphate buffer +1,34 mM EDTA, pH 7,4. 
Permeate (Extract) is gently stirred in a tank with nitrogen 
flushed over the surface. During filtration temperature, 
pressure and permeate-flux are controlled. 
Filter equipment: Biomax 1000 K, Millipor, Pellicon, 4 x 2 m 2 
End volume permeate: 450 + 100 liter. 
Permeate-flux: 12 + 2 lm" 2 h" 1 . 


8. Final filtration 


Permeate from Cell debris removal is filtered through a 0,22 
pm filter into 20 liter containers. Each container is filled to a 
weight of 10 kg. The filter is integrity tested according to 
specified instructions. Filled containers are transported to a 
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freeze-house according to instructions. Maximum time from 
packaging to delivery at the freeze-house is 6 hours. Extract 
is kept at the freeze-house until it is released for delivery to 
Biolnvent where the final Down-stream process take place. 
End volume filtered extract: 350 + 100 liter. 
Filter Durapore CVGL71TP3 
Containers: 20 liter Rex-Boy 
Temperature freeze-house: <18°C 



METHOD OF PURIFICATION OF rhPBGD 
5 INTRODUCTION 

The scope of this document is to give an overview of the current method of purification of 
crude rhPBGD. 

10 Cell extract is supplied by BioGaia AB frozen in 20 liter Flexboy bags, filled to 10 liters. 
After thawing, purification is achieved i three steps commencing with a HIC step on 
Streamline Phenyl FF Sepharose, followed by a IEC step on DEAE FF Sepharose, ending 
with an affinity step on Cibacrone Blue FF Sepharose. 

The main fraction of the affinity purification step is diafiltrated with the formulation buffer 
1 5 before freezing. 

STEP 1: HIC. STREAMLINE PHENYL FF SEPHAROSE 

A Pharmacia BPG-200 column is packed with gel to a volume of 10,8 liters (h=310 mm, 
20 diam. 200 mm). Flow is 0,5 L/min. 

Crude extract (e.g. 50-100 liters) is thawed overnight in room temperature, then diluted 
immediately before loading onto column, with approximately 20 - 45 liters of 2,5 M 
K 2 HP0 4 (aq), pH 7,5. 

25 Column is equilibrated with 0,75 M K 2 HP0 4 (aq), pH 7,5. Following sample loading and 
washing with 0,75 M K 2 HP0 4 (aq), pH 7,5, elution is performed using water. 



SUBSTITUTE SHEET (RULE 26) 



WO 01/07065 



PCT/DKOO/00425 



89 

The main fraction (23-28 liters, pH 7,2-7,8, cond. 15-20 mS/cm) is stored in a coldroom 
overnight. 

Chromatography sequence 



No. 


Action 


Buffer 


Col. vol. 


1. 


Eqvilibration 


0,75 M K 2 HP0 4 (aq), pH 7,5 


1 


2. 


Sample load 


Sample 


Ca. 12 


3. 


Wash 


0,75 M K 2 HP0 4 (aq). pH 7,5 


3 


4. 


Elution 


Water 


5 



STEP 2: IEC, DEAE FF SEPHAROSE 



A Pharmacia BPG-300 column is packed with gel to a volume of 12,5 liters (h=180 mm, 
diam. 300 mm). Flow is 0,5 L/min. 



10 



Main fraction from step 1 is diluted with water to a conductivity of 4-5 mS/cm (4-6 volumes 
water) and split into two equal halves. Step 2 is run twice following each other as follows: 
The column is equilibrated with 10 mM K 2 HP0 4 (aq), pH 7,5. The sample is loaded onto the 
column. Washing is performed first with 10 mM K 2 HP0 4 (aq), pH 7,5 (about 2 col. vol.), 
15 followed by 10 mM K 2 HP0 4 (aq), 6 M urea, pH 7,5 (about 2 col. vol. for the purpose of 
removing ECP). Elution is performed with 10 mM K 2 HP0 4 (aq), 100 mM KCI(aq), pH 7,5. 
The column is washed with 10 mM K 2 HP0 4 (aq), 1,5 M KCI(aq), pH 7,5. 
The main fraction (20-25 liters. pH 7,2-8,0, cond. 10-15 mS/cm) from each of the step 2 is 
pooled and stored in a coldroom overnight. 
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Chromatography sequence 



Kin 


nv/UUi I 


Buffer 


Col vol 


1. 


Eqvilibration 


10 mM K 2 HP0 4 (aq), pH 7,5 


1 


Z. 


oampie ioaa 


OdHipiw 




3. 


Wash 


10 mM K 2 HP0 4 (aq), pH 7,5 


2 


4. 


wash 


iU mM r\ 2 nr F tj 4 (aqj l o m urea, 


o 
£. 


5. 


Wash 


10 mM K 2 HP0 4 (aq), pH 7,5 


2 


6. 


Elution 


10 mM K 2 HP0 4 (aq), 100 mM 
KCI(aq), pH 7,5 


3 


7. 


Wash 


10 mM K 2 HP0 4 (aq), 1,5 M 
KCI(aq), pH 7,5 


2 


8. 


Wash 


10 mM K 2 HP0 4 (aq), pH 7,5 


2 



5 STEP 3: AFFINITY CHROMATOGRAPHY, CIBACRONE BLUE FF SEPHAROSE 

A Pharmacia BPG-300 column Is packed with gel to a volume of 12,5 liters (h=180 mm, 
diam. 300 mm). Flow is 467 mUmin. 

10 The pooled fractions from the two step 2 runs are diluted with one volume of 10 mM 
K 2 HP0 4 (aq), pH 7,5. The column is equilibrated with 10 mM K 2 HP0 4 (aq), pH 7,5. 
After loading of sample and washing with 10 mM K 2 HP0 4 (aq), pH 7,5, the column is 
washed with 10 mM K 2 HP0 4 (aq), 300 mM KCI(aq), pH 7,5 followed by elution of product 
with 10 mM K 2 HP0 4 (aq), 450 mM KCI(aq), pH 7,5. The column is then washed with 10 mM 

15 K 2 HP0 4 (aq), pH 7,5. 

The main fraction (10-15 liters, pH 7,0-8,0, cond.ca. 35 mS/cm) is stored in a coldroom 
overnight. 

20 A fermentation process using E. Coli and a down stream process for production of aseptic 
extract containing active recombinant human Porphobilinogen Deaminase (rhPBGD) on a 
commercial scale. The subsequent purification process for the production of an active bulk 
product . 



SUBSTITUTE SHEET (RULE 26) 



WO 01/07065 




PCT/DK00/00425 



STUDY OBJECTIVES 

The study objectives are stated in the Study Protocol chapter 3.1 and are shown in the text 
5 below. 

- Development of a cGMP E. Co// fermentation process up to 600 L scale and cell 
extraction process. 

- Development and qualification of in-process analytical tests, rhPBGD tests and 
specifications. Verification of in process analytical tests - The goal was a fermentation yield 

10 of at least 100 mgr 1 rhPBGD and with 50% overall yield of the final purification process. 

- Delivery of a frozen, aseptic E.coli extract containing active rhPBGDJrom BioGaia to 
Biolnvent in appropriate, approved containers including small scale sample for verification 
and acceptance criteria. 

- The aseptic rhPBGD extract must meet the criteria of the Specification for aseptic extract 
15 for purification of recombinant human Porphobilinogen Deaminase (rhPBGD) as bolow. 

Specification for aseptic extract for purification of recombinant human 
Porphobilinogen Deaminase (rhPBGD). 

20 The analytical tests are performed on filtered extract. 

Description: The extract is buffered with 50 mM sodium phosphate, 1.3 mM EDTA, pH 7,4 
and filtered through a 0,22 um filter. 



TEST 


METHOD NO. 


LIMIT 


Content: 






RhPBGD activity (Units/ml) 


E001 


>20 


RhPBGD specific activity 


E001/P001 


>4.0 


(Units/mg) 






Other Tests: 






Protein concentration (mg/ml) 


P001 


4.5-10.0 


SDS-PAGE 


S001 


equal to 


Bacterial counts ( Cfu/ml) 


Ph.Eur 


reference 






<10 


PH 


Ph.Eur. 


7.0 - 8.0 
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Materials and Methods 
7.1 Materials 

5 Media / substrates used in this study are given below. 

In the tables 21-26 below the media compositions for the final developed process are 
given. From start to the experiment PD14 the thiamine concentration in substrate MM5Y 
Tc was only 1 mg/l, but was thereafter increased to 10 mg/l starting with experiment PD16. 

10 

1. M9H-Tc (6 mgr 1 ), M9H-Amp (100 mgr 1 ) and M9H-CHI (25 mgr 1 ) agar plates. 

The M9H-Tc (6 mgl" 1 ) agar plates are used in inoculum procedure while the M9H-Amp (100 
mgr 1 ) and M9H-CM (25 mgr 1 ) were used for controls of the strain identity. 

15 

Table 21. Composition of the M9H agar plates 



Component 


Chemical formula 


Cone. 


Unit 


di-Sodium hydrogen phosphate 


Na 2 HP0 4 


6,00 


gr' 


Potassium dihydrogen phosphate 


KH 2 P0 4 


3,00 


gr' 


Sodium chloride 


NaCI 


0,50 


gr' 


Ammonium chloride 


NH4CI 


1,00 


gr' 


Glucose monohydrate 


C 6 H 12 0 6 x 1H 2 0 


2,00 


gr' 


Thiamine chloride hydrochloride 


C 12 H 18 Cl2lM40S xXH 2 0 


1.00 


mgr* 


Magnesium sulphate heptahydrate 


MgS0 4 x 7 H 2 0 


25,0 


mgl- 


Bacto Agar 




15,0 


gr' 


One of the antibiotics below are added 




Chloramphenicol 


CiiHi 2 CI 2 N 2 05 


25,0 


mgl" 


Ampicillin sodium salt 


Oi 6 H 19 N 3 04SNa 


100 


mgl- 


Oxytetracycline hydrochloride 


C22H 24 N 2 0 9 xHCI 


6,00 


mgl- 



M9H-Tc (6 mgl* 1 ) shake flask 

20 The M9H-Tc (6 mgr 1 ) shake flasks were used in the initial batch experiments and in the 
inoculum preparation for all experiments. 
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Table 22. Composition of the M9H-Tc shake flasks. 



Component 


Chemical formula 


Cone. 


Unit 


di-Sodium hydrogen phosphate 


Na 2 HP0 4 


6.00 


gr' 


Potassium dihydrogen phosphate 


KH2PO4 


3,00 


gr' 


Sodium chloride 


NaCI 


0,50 


gr' 


Ammonium chloride 


NH4CI 


1,00 


gr' 


Glucose monohydrate 


C6H 12 O e x 1H 2 0 


10,0 


gr' 


Thiamine chloride hydrochloride 


Ci 2 H,8Cl2N 4 OS x XH 2 0 


1,00 


mgl" 


Magnesium sulphate heptahydrate 


MgS0 4 x 7 H 2 0 


0.25 


gr' 


Oxytetracycline hydrochloride 


C^HMNzOgxHCI 


6,00 


mgl- 



MM5Y-Tc (6 mgl" 1 ) shake flask and fermenter medium 



5 The MMSY-Tc (6 mgl" 1 ) medium was used for all fermentations with strain PBGD-1 and in 
the inoculum fermentations in the scale up of the process when the strain PBGD-2 was 
used. Shake flask cultivations of both strain PBGD-1 and PBGD-2 was performed with this 
substrate. 



10 Table 23. MM5Y-Tc (6 mgl" 1 ) shake flask and fermenter medium 



Component 


Chemical formula 


Cone* 


Unit 


Ammonium sulfate 


(NH4)2S04 


2,67 


gr l 


Potassium dihydrogen phosphate 


KH 2 P0 4 


3,26 


gr' 


di-Potassium hydrogensulfate trihydrate 


K 2 HP0 4 x 3 H z O 


2,84 


gr' 


tri-Sodium citrate dihydrate 


C 6 HsNa 3 07 x 2 H 2 0 


0,60 


gr' 


Yeast extract 




5,00 


gr' i 


Glucose monohydrate 


C 6 H 12 0 6 x 1H 2 0 


11,0 


gr' 


Magnesium sulfate heptahydrate 


MgS0 4 x 7 H 2 0 


0,25 


gr' 


Thiaminechloride hydrochloride 


C 12 H 18 CI 2 N 4 OS x XH 2 0 


10,0 


mgl'' 


Boric acid 


H3BO3 


2,50 


mgr* 


Cupper(ll)sulfate pentahydrate 


CuS0 4 x 5H 2 0 


10,1 


mgr 1 


lron(lll)chloride hexahydrate 


FeCI 3 x 6H 2 0 


34,1 


mgr 1 


Manganese(ll)sulfate monohydrate 


MnS0 4 x1H 2 0 


6,40 


mgr 


Zinc sulfate heptahydrate 


ZnS0 4 x 7H z O 


5.00 


mgl" 


Cobalt(ll)chloride hexahydrate 


CoCI 2 x 6H 2 Q 


8.90 


mgl M 
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Calcium chloride dihydrate 


CaCI 2 x 2H z O 


13,9 


mgr 


Sodium molybdate dihydrate 


Na 2 Mo0 4 x 2H 2 0 


8,90 


mgl- 


Hydrochloric acid, fuming, 37% 


HCI 


66,0 


II-' 


Oxytetracycline hydrochloride 


Q22H24N2O9 x HCI 


6,00 


mgl"' 



*Concentration after inoculum. 



MM20Y Fermenter medium 

The MM20Y Fermenter medium was used in all main fermentations with strain PBGD-1, 
5 except for batch PD14. 



Table 24. MM20Y Fermenter medium 



Component 


Chemical formula 


Cone* 


Unit 


Ammonium sulfate 


(NH 4 )2S04 


2,67 


gr' 


Potassium dihydrogen phosphate 


KH 2 P0 4 


3,26 


gr« 


di-Potassium hydrogensulfate trihydrate 


K 2 HP0 4 x 3 H z O 


2,84 


gr' 


tri-Sodium citrate dihydrate 


CeHsNaaOr x 2 H 2 0 


0,60 


gr' 


Yeast extract 




20,0 


gr 1 


Glucose monohydrate 


C6H 12 0 6 x 1H 2 0 


11,0 


gi- 


Magnesium sulfate heptahydrate 


MgS0 4 x 7 H 2 0 


0,25 


gr' 


Thiaminechloride hydrochloride 


Ci 2 Hi 8 CI 2 N 4 OS x XH 2 0 


10,0 


mgr' 


Boric acid 


H3BO3 


2,50 


mgr 1 


Cupper(ll)sulfate pentahydrate 


CuS0 4 x 5H 2 0 


10,1 


mgr' 


lron(lll)chloride hexahydrate 


FeCI 3 x 6H 2 0 


34,1 


mgr' 


Manganese(ll)sulfate monohydrate 


MnS0 4 X 1H 2 0 


6.40 


mgr' 


Zinc sulfate heptahydrate 


ZnS0 4 x 7H 2 0 


5,00 


mgr 


Cobalt(ll)chloride hexahydrate 


CoCI 2 x 6H 2 0 


8,90 


mgr 


Calcium chloride dihydrate 


CaCI 2 x 2H 2 0 


13,9 


mgr* 


Sodium molybdate dihydrate 


Na 2 Mo0 4 x 2H 2 0 


8,90 


mgr 


Hydrochloric acid, fuming, 37% 


HCI 


66,0 


ir" 


Oxytetracycline hydrochloride 


C 22 H 24 N 2 0 9 x HCI 


6,00 


mgl'' 



•Concentration after inoculum. 



10 
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LB / TSA agar plates 

LB or TSA agar plates were for determination of colony forming units (CFU) and as a 
5 reference in the plasmid stability controls. 



Table 25: Composition of LB agar plates 



Component 


Concentration 


Unit 


Tryptone 


10,0 


gr' 


Yeast extract 


5,00 


gr' 


NaCI 


10,0 


gr' 


Bacto Agar 


15,0 


gr' 


Table 26: Composition of TSA agar plates 


Component 


Concentration 


Unit 


Tryptone 


15.0 


gr' 


Soytone 


5,00 


gr* 


NaCI 


5,00 


gr' 


BactoAgar 


15,0 


g/i 



10 



7.2 Methods 

6.2.1 Methods used in II. Development of lab scale fermentation process 
Each cultivation/fermentation started with material from a cryo vial of the intermediary cell 
bank (ICB) for either the PBGD-1 (PDWSIil-80)^ or the PBGD-2 strain (PDWS^I-SO)^ 
stored at < -70 °C in an ultra freezer. Material from these cryo vials was transferred to 
M9H-Tc (6 mgl" 1 ) agar plates (attachment 2, table 1) with a sterile platinum loop. These 
plates were then incubated upside down for 23-33 hours at 30 °C. 

1-L baffled shake flasks containing 250 ml M9H-Tc (6 mgl" 1 ) substrate or MM5Y-Tc (6 mgl* 
1 ) substrate (attachment 2, tables 2 and 3) were inoculated with colonies from 1- 1 V* agar 
plate each, depending on the experimental design. The transfer was made either directly to 
the shake flask with a sterile platinum loop or via a test tube containing 9,9 ml sterile 0,9 % 
(w/v) NaCI solution. In the latter case the solution was vortexed before inoculum to dissolve 
the cell "pellet" properly. 
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Depending on the experimental design the M9H-Tc (6 mgr 1 ) shake flasks were incubated 
for 9-14 hours in an air incubator at 135 rpm and 30 °C. The OD 620 at the end of the 
incubation in these experiments varied between 0,8-1,8. When the experiments only 
involved shake flask cultivation in either M9H-Tc (6 mgl' 1 ) or MM5Y-Tc (6 mgr 1 ) substrate 
5 the incubation time varied between 12-55 h and the final ODeao varied between 0.3-4,0. 
Depending on experimental design and the volume needed for the subsequent down 
stream processing development three different fermenters (2 L ( 14 L and 20 L) were used. 
The fermenters were incubated with 250-500 ml broth from the M9H-Tc (6 mgr 1 ) 
shake flasks and this in combination with different substrates and volumes in the fermenter 
10 made the ODea after the inoculum vary in the range 0,05-2,0. Since the initial glucose 
concentration always was 10 gr 1 this made the length of the batch phase vary between 
8,5-15,2 h. When the initial glucose was consumed (end of batch phase) different glucose 
feed profiles were investigated to control the fermentation. The general fermentation 
conditions during the development of the lab scale fermentation are given in table 1 below. 

15 

Table 27. General fermentation conditions during the development of a lab scale 
fermentation process 



Parameter 


Comments 


Temperature 


Controlled at 30 °C 


PH 


Controlled at 7,0 by titration with 12,5 % NH 3 and 2M 
H 2 S0 4 


po 2 

(dissolved oxygen) 


Manually controlled > 20 % by changes in aeration and 
stirrer speed 


co 2 


Manually controlled < 7 % by changes in aeration 


Aeration 


0,5-1,2 WM 


Stirrer speed 


500-1200 rpm 


MgSO 4 x7H 2 0feed 


Initiated when glucose feed started, constant feed rate 0,3 
gr 1 h" 1 based on initial volume 



7.2.2 Methods used for III. Scale up of fermentation process. 
7.2.2.1 Simulated large scale fermentations. 

In the simulated large scale fermentations an extra 9 L inoculum fermentation was 
performed before the main fermentation to introduce an extra 5-6 generations in the total 
process. The inoculum fermentation and the main fermentation were performed in the 
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same fermenter. The procedures for the inoculum preparation on M9H-Tc (6 mgr 1 ) 
agar plates and 1 L shake flasks containing 250 ml M9H-Tc (6 mgr 1 ) substrate were the 
same as described above in chapter 6.2.1. The inoculum fermenter containing 9 L MM5Y- 
Tc (6 mgr 1 ) substrate (attachment 2, table 3) was inoculated with 500 ml broth from two 
5 shake flasks and the initial ODmo varied between 0,1-0,2. When the OQno reached 7- 8 
(9,5-13,0 h) in the 9 L inoculum fermentation 130-150 ml broth was withdrawn and cooled 
down to 0-8 °C. The volume of the withdrawn broth was calculated to give an initial OD 62 o 
of 0,1-0,2 in the main fermenter. The remaining broth in the fermenter was removed and 
the fermenter was rinsed once with 7 L sterile water before 7 L sterile MM20Y substrate 
1 0 (attachment 2, table 4) was transferred to the fermenter. The fermenter was allowed to 
reach the right fermentation conditions before the fermenter was inoculated with the cold 
stored broth. This procedure took approximately 1,5 h.After the inoculum the fermentations 
were performed according to the recently developed lab scale process. 



15 7.2.2.2 850 L Scale up fermentations 

Four M9H-Tc (6 mgr 1 ) agar plates were inoculated with material from one cryo vial of strain 
PBGD-2 and incubated at 30 C for 23,2-27,2 h. Two 1 L shake flasks, each containing 
250 ml M9H-Tc (6 mgr 1 ) substrate, were inoculated with growth from 1 % agar plate each. 
The shake flasks were incubated in an air incubator at 30 C and 135 rpm for 12-13,2 h. 

20 Broth from the two shake flasks was pooled together in a sterile bottle with connections 
suitable for sterile transfer to the fermenter. The 14 L fermenter containing 9 L MM5Y-Tc (6 
mgr 1 ) substrate was then inoculated with the 500 ml broth with an ODe* of 1,7. The 
conditions for the 14 L inoculum fermenter are summarised in table 28 below. 

25 Table 28. Inoculum fermentation conditions during 850 L Scale up fermentations 



Parameter 


Value 


Temperature 


30 C 


PH 


7.0 


Aeration 


0,5 WM (4,5 Nlmin ') 


Initial stirrer speed 


800 rpm 


p02 (dissolved oxygen tension) 


> 20 % by manual control of stirrer 
speed 


Fermentation time 


8,5-9,2 h ( OD 62 o 7-10) 
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After 8,5-9,2 h when the ODe2o in the 14 L femnenter had reached 7,4 -8,6 the broth was 
transferred to a sterile plastic container suitable for transfer to the 1500 L fermenter 
containing 850 L MM20Y substrate. The initial OD 62 o in the 1500 L fermenter was 0,17- 
0,18. Based on the lab scale development and the simulated large scale fermentations the 
5 following fermentation strategy was postulated for the 850 L fermentations. 

When the initial 10 gP 1 glucose was consumed (glucose concentration < 0,5 gP 1 ) a stepwise 
increasing glucose feed (600 gl~ 1 ) profile (3,0 lh" 1 0-7 h after feed start, 6,0 lh" 1 7-14 h after 
feed start and finally an increase to 9,0 lh' 1 for the remaining fermentation) was started. A 
constant feed (490 mlh" 1 ) of a 2M MgS0 4 x 7H 2 0 feed was started at the same time as the 
10 glucose feed. The fermentation conditions in the 1500 L fermenter are summarised in 
Table 29.beIow. 



Table 29. Conditions in1500 L fermenter during 850 L Scale up fermentations 



Parameter 


Comments 


Temperature 


Controlled at 30 °C 


PH 


Controlled at 7,0 by titration with 25 % NH 3 and 2M 
H 2 S0 4 


Pressure 


0,2 bar overpressure x 


p o 2 

(dissolved oxygen) 


Manually controlled > 20 % by changes in aeration and 
stirrer speed 


co 2 


Manually controlled < 7 % by changes in aeration 


Aeration 


0,5-0,8 WM (425-775 Nlmin 1 ) 


Stirrer speed 


200-400 rpm 


Glucose feed (600 gr) 


3,0 lh" 1 0-7 h after feed start, 6,0 lh -1 7-14 h after feed 
start and finally an increase to 9,0 lh' 1 for the remaining 
fermentation 


MgS0 4 x 7 H 2 0 feed 


Initiated when glucose feed starts, constant feed rate 
0,3 gP 1 h* 1 based on initial volume 


Fermentation time 


28-30 h 



15 7.2.3 Methods used in IV. Development and Scale-up of downstream process 
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7.2.3.1 Downstream process 

During the lab scale development of a down stream process 1-15 L broth was processed 
(PD07-PD22). A twenty fold scale up to a process taking care of 300 L broth (PD1501 and 
PD1502) was done to produce material for toxicological and clinical studies. 

5 

7.2. 3.2 Cell concentration 

In all experiments the broth was concentrated 1,5-6,9 times using a cross flow membrane 
followed by dia filtration (washing) using a buffer to exchange 90-95% of the substrate. The 
permeate-flux (i.e. flow-rate through the membrane) was controlled between 7-15 lm~ 2 h" 1 
10 using a permeate pump. The filters used in the experiments were a 0,2 pm Sartocon filter 
(Sartorius) and a 1000 K Biomax filter, v-screen (Millipore), (table 30). 



Table 30. Filters tested for cell concentration 



Filter used 


Batch 


0,2 pm Sartocon 


PD09. PD11. PD12, PD14. PD16, PD19 and 
PD21 


1000 K Biomax, v-screen 


PD22, PD1501 and PD1502 



15 After the concentration the cell concentrate was dia filtered with buffer using the same filter 
and parameters as used for the concentration. The different buffers tested are given in 
table 5 below. The membrane filtrations were made at ambient temperature in the 
laboratory scale and controlled at 15-25 °C in during scale up. 



20 Table 31 . Different buffers tested for cell-concentration 



Buffer 


Batch 


20 mM Tris, 0,67 mM EDTA, pH 8,2 


PD09, PD11 andPD12 


50 mM Tris.1,34 mM EDTA, pH 8,2 


PD14 


50 mM Tris, 1,34 mM EDTA, pH 7,4 


PD16 


50 mM sodium-phosphate, 1,34 mM EDTA, pH 7,4 


PD21, PD22, PD1501 
and PD1502 



7.2.3.3 Homogenisation 

The concentrated and washed cells were homogenised with a laboratory homogeniser 
(Niro Soavi Panda (10 lh" 1 )) or a production scale homogeniser (Rannie Type LAB 10-51 
25 VH (100 lh" 1 ), APV). The conditions tested were 600-1000 bar, 1-3 passages at ambient 
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temperature. Between passages the temperature was set at 15-25°C in the production 
scale. Table 32 below summarises the conditions used for each experiment. The 
homogenate was analysed for rhPBGD-activity and protein concentration (Procedures 
E001 and P001). 



5 

Table 32. Conditions tested for homogenisation 



Pressure 


No of passages 


Batch 


600 bar 


1 


PD09 


600 bar 


2 


PD09 


600 bar 


3 


PD21 


800 bar 


1 


PD09, PD11, PD12, PD14, PD16, PD19 


800 bar 


3 


PD19, PD21. PD22, PD1501, PD1502 


1000 bar 


3 


PD19 



7.2.3.4 Cell debris removal by membrane filtration 
10 Before cell debris removal by membrane filtration the homogenate was diluted 2-3 times 
with the same buffer used for the cell concentration step. 

Filters tested for cell debris removal were 0,2 urn Sartoconfilter, 1000 K Biomax filter (v- 
screen) and 500 K Biomax filter (v-Screen). The homogenate was concentrated 1,5-2,5 
times and dia filtrated in order to get 80-99 % theoretical yield of rhPBGD, with buffers 

15 specified in table 33 below. The theoretical yield is a calculated (calculations not shown) 
yield based on the assumptions that there are no interactions what so ever between the 
filter surface and the rhPBGD (i.e. 100 % transmission). Since there in practice are many 
interactions (e.g. fouling, electrostatic forces) the real yield is off course lower. The 
theoretical yield is mainly used as a to tool to be able to compare results from different 

20 filtration runs. 



Table 33. Buffers tested for cell debris removal. 



Buffer 


Batch 


20 mM Tris, 0,67 mM EDTA, pH 8.2 


PD11 and PD12 


50 mM Tris, 1,34 mM EDTA, pH 8,2 


PD14 


50 mM Tris, 1,34 mM EDTA, pH 7,4 


PD16 


50 mM Na-phosphate. 1,34 mM EDTA, 
pH 7,4 


PD21.PD22, PD1501 and 
PD1502 
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The permeate-flux during membrane filtration was controlled between 7-15 lm' 2 h" 1 using a 
permeate pump. To prevent oxidation of the extract in the stirred holding tank a stream of 
nitrogen was flushed over the permeate surface (only PD1502). The Membrane titrations 
5 were made at ambient temperature in the laboratory scale and controlled between 15-25 
"C in production scale. The permeate was assayed for rhPBGD activity, protein 
concentration and SDS-Page (Procedure: E001, P001 and S001). 

7.2.3.5 Cell debris removal by centrifugation 

10 During the development of a method for cell debris removal centrifugation was initially used 
in the laboratory scale in order to produce material for further down stream experiments. 
The homogenised material was centrifuged at 10 000 x g for 20 min in a Sorvall centrifuge 
(Beckman). The supernatant was collected, saved and assayed for rhPBGD-activity, 
protein concentration and SDS-Page (Procedures: E001, P001 and S001). 

15 

7.2.3.6 Final filtration 

Permeate from membrane filtrated homogenate and supernatant from centrifuged 
homogenate were respectively filtered through a 0,22 pm retentive filter (Sartobran or 
Durapore) into autoclaved containers. The filters were integrity tested and the extract 
20 assayed for CFU, rhPBGD-activity, protein concentration and SDS-Page (procedures: K- 
M50, E001, P001 and S001). 

7.2.3.7 Stability studies, rhPBGD-activity 

Membrane filtered extract from different batches PD22 and PD1501 were kept at -20°C 
25 for several months. Single use aliquots were routinely taken out of the freezer and the 
rhPBGD-activity was measured and plotted over time (procedure: E001 ). 

7.3.1 Analytical methods 

30 Preparation of undisrupted cells for analysis, Procedure K-M45 

Cells for analysis were prepared and lysed according to procedure K-M45. The procedure 
is mainly based on a report made by Pieter Jan Oort, icogen (4> . 

The sample (10 ml) was centrifuged for 10 min at 7700 x g. The supernatant was poured of 
and the pellet re suspended in 5 ml 25 mM sodium-phosphate, 0,9 % NaCI, pH 7,4. The 
35 new cell suspension was centrifuged for another 10 min at 7700 x g and the pellet was re 
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suspended in 50 mM sodium-phosphate, 1,34 mM EDTA, pH 7,4. This cell suspension was 
then sonicated for 3 x 45 s in a Soniprep 1 50 Sonicator followed by centrifugation for 10 
min at 7700 x g. The supernatant was saved and the volume measured. The pellet was re 
suspended once more in 50 mM sodium-phosphate, 1,34 mM EDTA, pH 7,4, re sonicated 
5 for 3 x 45 s and centrifuged at 7700 x g for 1 0 min. The volume of the supernatant was 
measured and pooled with the first supernatant. Finally, the total protein concentration and 
the rhPBGD activity were analysed according to the procedures P 001 and E 001, 
respectively. From these analyses the specific rhPBGD activity was calculated. 

10 Porphobilinogen Deaminase, rhPBGD Assay, Procedure E001 

rhPBGD-activity was measured according to procedure E001. The procedure is based on 
the methods published by Jordan et al (1988, 1997) W***® . 

Protein determination, Procedure P001 
15 Protein concentrations were determined by procedure P001using the BCA protein assay kit 
(Pierce). Bovine serum albumin was used as a reference standard (Pierce Instructions, 
1997) < 5 >. 

SDS-polyacrylamide gel electrophoresis, Procedure S001 

rhPBGD was analysed by SDS-PAGE on Novex NuPAGE gels according to procedure 
20 S001 . Electrophoresis System with NuPAGE 4-12 % gels was used for analysis (Novex, 
1997, Laemmli 1970) (2) . 

7.A.I Process start 

The final strain was not fully developed by Icogen Inc. at the initiation of the study (1/2/99). 

25 Hence the development was started with the intermediary strain designated PBGD-1, an E. 
coli K12 host strain JM105 with genotype endA thi rpsL sbcB15 hsdR4 A(lac-proAB) 
[F'traD36 proAB lacl q A(lacZ)M15 ] containing the expression plasmid pExp1-M2-BB (8) . 
When the final strain PBGD-2 was delivered, the process developed so far for the 
intermediary strain PBGD-1 was implemented on this strain. Both the PBGD-1 and 2 

30 strains contain the expression plasmid pExp1-M2-BB encoding rhPBGD and the only 
difference between the strains is that the hem C gene (encoding endogenous PBGD) has 
been deleted in the PBGD-2 strain to facilitate the purification of rhPBGD. 
Strain genotype and information about agar plate and shake flask cultivation from Icogen 
formed the basis for the first experiments at BioGaia Fermentation. Articles and 

35 discussions with HemeBiotech formed the basis for the analysis methods set up. 
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ART 34 AIVIDT 



7.A II. Development of lab scale fermentation 

The overall strategy for the development of the fermentation process was outlined as 
follows. The use of a minimal medium in the inoculum steps should facilitate the stability of 
5 the host, and a minimal medium supplemented with yeast extract and peptone should 
facilitate growth and production in the main fermentation. To reach high cell densities a 
concentrated glucose feed was used to control the growth rate in the feed phase. In the 
expression plasmid pExp1-M2-BB the rop gene has been deleted m which means that the 
expression of rhPBGD can be temperature regulated. Initially it was decided to start with a 

10 fermentation temperature of 30 °C f which means that no temperature induction was used. If 

the productivity at this temperature was unsatisfactory the temperature could be increased 
to 37 °C or 42 °C to increase the productivity. Oxytetracycline was chosen as selection 
pressure, but if possible with regard to plasmid stability, the main fermentation should run 
without any selection pressure at all. 

15 

7.A.1 Initial batch experiments 

The study was initiated 1/2/99 and the intermediary strain PBGD-1 was delivered 4/2/99. 
An initial M9H-Tc (6 mgr 1 )( attachment 2, table 2) shake flask cultivation (PD03) was 
performed to study the growth in the M9H-Tc (6 mgl" 1 ) inoculum medium recommended by 

20 Icogen Inc. A fermenter medium designated MM5Y-Tc (6 mgr 1 ) was designed based on 
BioGaia Fermentations know how from other recombinant E.coli fermentations. This 
medium was first tested in a shake flask cultivation (PD04) before two 1 L batch 
fermentations (PD05 and PD06) were performed with two variants of the medium. PD06 ^ 
was performed in MM5Y-Tc (6 mgr 1 ) substrate complemented with 2 gr 1 tryptone (tabl^) 

25 to investigate if tryptone could facilitate growth . 

In a batch cultivation exponential growth continues for a relatively few generations until 
nutrients are depleted or toxic products accumulates. Due to this growth begins to slow and 
thereafter the micro organisms enter the stationary phase, where a steady state cell 
number is reached. 

30 

In all these batch experiments the initial glucose concentration was 10 gl"\ The parameters 
defined below were analysed or calculated, and the results are summarised in table 34 
below. 

35 Maximum growth rate (Umax) dX / dt = p, x X, where X = Dry ceil weight 
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Optical density (OD 62 o) The optical density of a cell suspension was measured by 
light transmission through it The absorbance was measured at 620 nm with water as 
reference 

5 

Dry cell weight (Dw) Dry cell weight is determined from a known volume of cell 
suspension that is washed free of extraneous materials, dried in an oven, and then 
weighed 

10 Colony forming units (CFU) The CFU technique involves growth of micro-organisms from 
a suspension on LB or TSA agar media (attachment 2 table 5 and 6). When a single micro 
organism divides on an agar medium, it forms a colony of cells, which can be seen by the 
naked eye 

15 Glucose concentration Enzymatic analysis with a YSI 2000 instrument 



Table 34. Summary of initial batch experiments with strain PBGD-1 





PD03 


PD04 


PD05 


PD06 


Cultivation type 


250 ml 
shake flask 


250 ml 
shake flask 


1 L fermentation 


1L 

fermentation 


Substrate 


M9H-Tc 


MM5Y-TC 


MM5Y-TC 


MM5Y-TC + 
2 gr 1 peptone 


Mmax 


0,3 h- 


0,3 h- 


0,4 ti- 


0.4 h- 


Stationary OD620 


0.8 


3.3 


ll 


8 


Stationary Dw 


0,17 gl" 


1.5 gr 


3.9 gr 


2.9 gf 


Stationary CFU 


1*10 a mr' 


1*10" ml"' 


4*10" mr 


3*10" ml- 


Residual glucose 


Not 

analysed 


6gl" 


0 gl- 


Ogl- 



In the shake flask cultivations growth stops before glucose is consumed and the growth 
20 rates and stationary values for ODeao, Dw and CFU are lower than in the 

controlled fermentations. The reason is the decreasing pH in the broth due to acetate 
formation during the shake flask cultivation (pH was not controlled). The shake flask 
cultivation in 'rich" fermenter medium MM5Y-Tc allowed growth to higher stationary values 
compared to shake flask cultivation in M9H-Tc medium. In the fermentations growth stops 
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because the glucose is depleted, and not due to decreasing pH, since pH was controlled at 
7,0. A comparison of fermentations PD05 and PD06 indicates that the addition of 2 gl~ 
1 peptone to the MM5Y-Tc medium did not have any positive effect on the growth rate 
(attachment 3, fig 1 .). Hence it was decided to use the MMSY-Tc medium without any * 
5 peptone. 

The poor correlation between OD^, Dw and CFU in the shake flask experiments can be 
explained by a combination of the following facts. The Dry weight determinations are 
difficult to perform at such low cell densities and the viability (CFU) of the cells can vary 
much since the cultivation conditions are not well controlled. Viability is a parameter that is 
10 influenced by many parameters in a complex way, and hence it is very difficult to get a 
good correlation between OD 620 . Dw and CFU, especially in uncontrolled shake flasks with 
low cell densities. 

Final statement: The strain PBGD-1 has the same growth rate (0,3 h~ 1 ) in shake flasks with 
either M9H-Tc (6 mgP 1 ) or MM5Y-Tc (6 mgl' 1 ) substrate. The growth rate in MM5Y-Tc (6 
15 mgl~ 1 ) substrate increases to 0,4 h" 1 when the strain grows under controlled conditions in a 
fermenter. The MM5Y-Tc (6 mgl" 1 ) substrate supplements growth up to at least an OD 62 o 
and a Dw of approximately 10 and 4 gl" 1 respectively. 

7.A.2 Fed batch fermentations 

20 

7.A.2.1 Fed batch fermentations with strain PBGD-1 

After the establishment of knowledge about some general strain characteristics during the 
initial batch experiments, the next step was to proceed to fed batch fermentations to reach 
higher cell densities and product concentrations. In a fed batch fermentation, a 

25 concentrated feed of the limiting substrate is fed into the fermenter at a rate ensuring that 
the respiration and heat evolution does not exceed the capacity of the fermenter the 
process is designed for. Hence, until any other substrate component is depleted or toxic by 
product accumulation limits growth, growth can proceed and the stationary phase is 
avoided. Eventually the increasing starvation of the limiting substrate (due to the increasing 

30 biomass) means the fermentation anyway will reach a stationary phase. However this 
occurs at much higher cell densities than in a batch phase. In this study the stationary 
phase was never reached in the fed batch fermentations and we are hence from now 
referring to final values instead. 
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The strategy was to start a concentrated glucose feed (600 gl* 1 ) when the initial 10 gl~ 1 
glucose was reduced below 0,5 gV\ Three feed batch fermentations were performed to 
establish a glucose feed profile matching the oxygen transfer in BioGaia Fermentations 
1500 L production fermenter and not giving glucose accumulation in the broth. Glucose 
5 accumulation was defined as a glucose concentration > 0,1 gl" 1 _glucose since this was the 
lower detection limit for real time glucose measurements in broth. Glucose accumulation 
occurs when the growth rate varies due to that various compounds in the yeast extract are 
utilised by the cells. A temporary drop in the growth rate leads to an accumulation of 
glucose if the glucose feed rate is based on a previous higher growth rate. When glucose 

10 accumulates in the broth, acetate production is likely to occur due to overflow metabolism. 
This means lower yields, but more importantly this can cause growth inhibition as a result 
of the acetate accumulation. Hence the feed profile has to be adjusted according to the 
actual growth profile of the strain. The three feed batch fermentations performed with strain 
PBGD-1 are summarised in table 35 below and graphs with growth and production of 

15 rhPBGD versus fermentation time are given in fig 26. and fig 27. 



Table 35. Summary of feed batch experiments with strain PBGD-1 





PD09 


PD11 


PD12 


type 


7 L fermentation 


7 L fermentation 


7 L fermentation 


Substrate 


MM5Y-TC 


MM5Y-TC 


MM5Y-TC 


Batch phase 


0-15,2 h 


0-13,9 h 


0-13,1 h 


Feed phase 


15,2-20,7 h 


13,9-27,5 h 


13,1- 31,0 h 


Achieved 


70 mlh" 15,2-20,7 h 


78 mlh" 13,9-15,1 h 


43 mlh" 13.1-17,5 h 


glucose feed 




0 mlh 1 15,1-16,1 h 


90 mlh 1 17,5-18,2 h 


profile 




43 mlh 1 16,1-17,3 h 


60'mlh* 1 18.2-19,2 h 






53 mlh' 1 17,3-18,7 h 


0mlh° 19,2-22,3 h 






72 mlh 1 18,7-27,5 h 


75 mlh" 1 22,3-23,3 h 








28 mlh" 1 22,3-31,0 h 


Total glucose 


313 g 


586 g 


430 g 


added 








Glucose 


No measurements 


Peak value 3,4 gl" 


Peak values 1,0 gr 


accumulation 


made during feed 


between 13,9-16,0 h 


and 1,9 gl" 1 between 




phase. 




13,1- 22.0 hand 








22.3-25,0 








respectively 
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Final Dw 


14,0 gl" 


28,8 gl" 


19,2 gl" 


Final OD 6 2o 


37 


82 


59 


Final CFU 


Not analysed 


3,5*10" ml" 


6*10" mi- 


Final rhPBGD 


Not analysed 


7,7 Uml" 


ls^ Uml" 


Final specific 
rhPBGD 


Not analysed 


2,6 Unrig" 


1.8 Umg" 


Final plasmid 
stability 


Not analysed 


LB-Tc: 100% of 
growth on LB 


LB-Tc: 100% of 
growth on LB 



The objective with fermentation PD09 was to use a constant glucose feed (600 gr 1 ) rate of 
75 mlh" 1 to reach a high cell density and a good production of rhPBGD. Unfortunately, 
practical limitations made it impossible to make any measurements during the batch phase. 
5 However, respiration (data not shown) during the fed batch phase seemed to be low in 
comparison to the glucose feed rate, and hence there was a possibility that glucose 
accumulation could have occurred. 

The strategy was to use the same constant glucose feed rate (75 mlh" 1 ) in fermentation 
10 PD1 1 and monitor the glucose concentration every hour to ensure that no glucose 

accumulation occurred. Glucose analyses revealed glucose accumulation (3,4 gr 1 ) directly 
after feed start (13,9 h) and hence the glucose feed was stopped until the cells consumed 
the excess glucose. When the glucose concentration decreased below 0,1 gr 1 (16,1 h) the 
glucose feed was started again, however at a lower feed rate (43 mlh" 1 ). The glucose feed 
15 rate was then stepwise increased without any glucose accumulation until a final feed rate 
of 72 mlh' 1 was reached. 

Based on the experience from PD1 1 it was decided to start the glucose feed (600 gl" 1 ) with 
a lower constant feed rate (40 mlh" 1 ) to avoid glucose accumulation directly after feed start. 

20 After 4 h the glucose feed rate should be increased to 75 mlh" 1 . Despite the lower initial 
glucose feed rate a slow glucose accumulation occurred at the start of the glucose feed 
(13,1 h). Due to an operator mistake the feed rate was not decreased and was even 
increased according to the plan after 17,5 h. As soon as the operator realised the mistake 
the glucose feed rate was decreased (18,2 h) and stopped after 19,2 h. After 23,3 h the 

25 glucose feed was started at 75 ml/h but had to be decreased to 28 mlh" 1 1 h later to avoid 
glucose accumulation. The glucose feed was then kept at 28 mlh" 1 for the remaining 
fermentation. 
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From Table 35 it can be seen that the different glucose feed profiles determines the 
outcome of the fermentations. As expected the final OD 620 and Dw values correlates well to 
the total amount of glucose added to the fermenter. Again it is seen that the number of 
viable cells (CFU) is influenced by fermentation conditions in a complex way. The number 
5 of viable cells is lower in PD1 1 than in PD12 even though both OD 62 o and Dw values are 
approximately 50 % higher in PD11. Also the difference between the rhPBGD expression 
in PD1 1 and PD12 is hard to explain, but also this indicates that the production of rhPBGD 
not only is linked to the cell density but also depends on the physiological status of the 
cells. 

10 

Final statement: The fermenter medium MM5Y-Tc (6 mgl" 1 ) supplemented growth up to 
ODe2o and Dw values of approximately 80 and 30 gl" 1 respectively. The expression levels of 
the rhPBGD had already at this point in the fermentation development reached acceptable 
levels. After the initial batch phase it was necessary to find an initial feed rate of the 
15 glucose feed (600 gP 1 ) profile lower than 40 mlh* 1 and not giving glucose accumulation. 

7.A.2.2 Fed batch fermentations with strain PBGD-2 

The final strain PBGD-2 had the same expression plasm kj pExp1-M2-BB encoding 
rhPBGD as strain PBGD-1, but the host cell was deleted for the hemC gene to facilitate 

20 rhPBGD purification._Since report existed of any differences in the properties of strain 
PBGD-2 in comparison to strain PBGD-1, the strategy, was to implement this strain in the 
process developed for strain PBGD-1 so far. One difference was that a new inoculum 
procedure was introduced to shorten the initial batch phase. The main fermenter was 
inoculated with 500 ml broth from two 250 ml shake flasks cultivated 12 h instead of 250 ml 

25 from one incubated for 10 h. Three fed batch fermentations were performed to adjust the 
fermentation substrate and to adjust the glucose feed profile to the new strain. The results 
from these fermentations are summarised in table 36 and graphs with growth and 
production of rhPBGD versus fermentation time are given fig 28. and fig 29. 

30 Table 36. Summary of feed batch experiments with strain PBGD-2 





PD14 


PD16 


PD19 


Cultivation 
type 


7 L fermentation 


7 L fermentation 


7 L fermentation 


Substrate 


MM5Y-TC + extra 
yeast extract and 


MM20Y 


MM20Y 
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thiamine 
"icTgf 1 



Initial 
I glucose 
cone. 



10 gl" 



10 



Batch 



0-14,3 h 



0-10,8 h 



0-10,3 h 



phase 
Feed 



14,3-30,0 h 



10,8-30,0 h 



10,3- 30,0 h 



phase 



Achieved 
glucose 
| feed 
profile 



lOmlh" 14,3-15,3 h 
I20 mlh* 1 15,3-15,5 h 
40 mlh" 1 15,5-22,3 h 
75 mlh' 1 22,3-30,0 h 



25 mlh" 
50 mlh' 1 
37 mlh" 1 
0 mlh* 1 
50 mlh 1 
34 mlh' 1 
37 mlh 1 
40 mlh" 1 
50 mlh* 1 
55 mlh 1 
60 mlh" 1 
75 mlh" 1 



10,8-15,0 h 
15,0-16,8 h 
16,8-17,3 h 
17,3-18.3 h 
18,3-18,7 h 
18,7-19,6 h 
19,6-20,0 h 
20,0-22,6 h 
22,6-23,0 h 
23,0-24,3 h 
24,3-25.3 h 
25,3-30.0 h 



23 mlh'' 10,3-17.3 h 
49 mlh* 1 17,3-24.3 h 
73 mlh* 1 24.3-30.0 h 



Total 
[ glucose 
I added 



577 g 



610 g 



652 g 



Glucose 
I acc. 



No accumulation 



Peak values 1,8 g\" and 
,3 gr 1 between 15,0- 
8,0 h and 18,7-19,6 h 

respectively 



No accumulation 



Final Dw 
Final OD62Q 



32,0 gl" 



Measurement error 



Measurement error 



87 



93 



96 



Final CFU 
Final 



1 9*10" ml" 
39 Uml" 



30*10" ml" 



37*1 0 tf ml" 



42 Uml' 



66 Urn!" 



rhPBGD 



Final spec. 
! rhPBGD 
Final 



3,1 Umg* 



.9 Umg" 



,8 Umg' 



Not analysed 



102 % of growth on LB 



00 % of growth on 
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plasmid 






LB 


stability 









Based on the results from PD12, it was decided to implement a step wise increasing 
glucose feed profile (25 mlh" 1 0-4 h after feed start, 50 mlh* 1 4-8 h after feed start and finally 
75 mlh" 1 for the remaining fermentation) to avoid glucose accumulation in fermentation 
5 PD14. However, during the end of the batch phase a dramatic decrease in the growth rate 
(observed by OD 620 , p0 2 (dissolved oxygen tension), C0 2 and O2 trends) was observed 
(data not shown). Since glucose analysis showed that there was no glucose limitation 
(glucose cone, was 5,7-0,7 gr 1 ) the hypothesis was that the initial yeast extract or thiamine 
was depleted. After 14,5 h an addition of 35 g yeast extract and 21 mg thiamine was made 

10 and growth was re-established. Hence this test verified the postulated hypothesis. After 16 
h another decrease in growth was observed and a second addition of 35 g yeast extract 
and 21 mg thiamine was made (20,3 h). Growth was again re established and continued 
until 24 h, when again a week tendency of decreasing growth was observed. Since 
interpretation of the growth patterns was difficult at this stage, only 4 g of yeast extract was 

15 added to study the response of the addition. Since there was no clear response, it was not 
thought that any more additions were necessary during the rest of the fermentation. The 
depletion of yeast extract and/or thiamine made it necessary to alter the intended glucose 
feed profile to avoid glucose accumulation. 



20 Based on the results from fermentation PD14 a new fermentation substrate MM20Y-Tc 
(attachment 2, table 4) was designed to avoid depletion of yeast extract or thiamine in 
fermentation PD16. In the new substrate the concentrations of yeast extract and thiamine 
was increased from 5 gl" 1 and 1 mgl* 1 to 20 gr 1 and 10 mgl" 1 respectively. 
Plasmid stability and rhPBGD production without oxytetracycline as selection pressure in 

25 the main fermenter was also tested in PD16. The concentration of oxytetracycline (6 mgl" 1 ) 
in the inoculum shake flasks was however kept the same as in the earlier experiments. 
The change to the new MM20Y substrate resulted in a smooth growth pattern during the 
whole fermentation. The intention was to keep the same glucose feed profile as originally 
planned for fermentation PD14. Hence the glucose feed was started at 25 mlh" 1 after 10,8 

30 h. After 15 h when the glucose feed rate was increased to 50 mlh' 1 glucose started to 
accumulate in the broth. The glucose feed rate was decreased after 16 h (0,7 g/l) and 
stopped after 17 h since the glucose concentration in the broth still was increasing (1,8 gr 
1 ). After 18 h when the accumulated glucose was consumed (< 0,1 gr 1 ) the glucose feed 
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was started at 50 mlh' 1 and again glucose accumulation was observed (0,3 gl" 1 ). The feed 
rate was now decreased to and kept at 34 mlh -1 until the excess glucose was consumed 
and a stable situation without glucose accumulation was established. Finally the glucose 
feed rate was increased step wise to a final value of 75 mlh" 1 according to table 36 above. 

To avoid the glucose accumulation observed in PD16 the glucose feed profile was 
changed for PD19 to the following; 25 mlh" 1 0-7 h after feed start, 50 mlh' 1 7-14 h after feed 
start and 75 mlh* 1 during the rest of the fermentation. Since there was no sign of plasmid 
loss or decrease in rhPBGD production in PD16 it was decided to exclude oxytetracycline 
10 in the main fenmenter also in experiment PD1 9. 

In PD19 the new glucose feed profile did not give raise to any glucose accumulation, and 
hence no changes in the planned glucose profile was necessary. As in PD16 no plasmid 
loss was observed and the rhPBGD production reached even higher values than in PD16. 

15 Also in these fermentations the final OD 620 values correlates well with the total amount of 
glucose added to the fermentation. A measurement error makes it impossible to compare 
the results of the dry weight determinations. The number of viable cells (CFU) was greatly 
improved when changing to the new substrate composition MM20Y, and shows a fairly 
good reproducibility between PD16 and PD19. There is no clear trend for the rhPBGD 

20 production, but it seems to be a tendency that the rhPBGD production is positively 
influenced by both the increases in cell density and viability in fermentations PD16 and 
PD19. 

Final statement: The fermenter medium MM5Y-Tc (6 mgl' 1 ) was not able to supplement 
25 strain PBGD-2 up to the OD 62 o and Dw values reached with strain PBGD-1 . The new 
designed fermenter medium MM20Y with increased concentrations of yeast extract and 
thiamine was able to supplement growth up to ODea) and Dw of approximately 90 and 30 
gl* 1 respectively. The expression of rhPBGD was in these fermentations at very good 
levels. After the initial batch phase the final glucose feed (600 gl' 1 ) profile for a 7 L 
30 fermentation was designed like follows: 25 mlh" 1 0-7 h after feed start, 50 mlh" 1 7-14 h after 
feed start and 75 mlh" 1 14-21 h after feed start. There were no negative effects on plasmid 
stability and rhPBGD expression when excluding oxytetracycline as selection pressure in 
the main fermenter. 
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ART 34 AMDT 

7.A.3 111. Scale up of fermentation 

The scale up part of the development was divided into two parts. First simulated large 
scale fermentations were performed in laboratory fermenters to study the effect of the 
5 increasing number of generations on plasmid stability and product quality. These tests 
were followed by the actual 850 L fermentations to investigate the effects from increasing 
the fermentation scale on plasmid stability and product quality. 

BioGaia Fermentations 1500 L production fermenters are normally inoculated with broth 

10 from one 14 t fermenter. To mimic the fermentations PD14-PD1 9 the OD^ after - 

inoculation should be approximately 0,1. When using a working volume of 9 L in the he 14 
L fermenter the final OD^ necessary to achieve the same inoculum conditions in 850 L 
can be calculated as follows 

15 ODsjo x 9 L = 0,1 x 850 L ^00^=9,4 

Inoculating the 14 L fermenter containing 9 L substrate with 500 ml broth (two 1 L shake 
flasks) with an OD&o of approximately 1,0 gives an OD 620 initial of approximately 0,1-0,2. 
With a growth rate of 0,4 h' 1 it will take 9-1 1 h to reach an ODeao of about 9. Since a growth 
20 rate of 0,4 h* 1 is equivalent to a generation time of 1,7 h (ln2/0,4) this corresponds to 5-6 
extra generations compared to the earlier lab scale fermentations. 

An estimjatjon of the number of generations in different steps of the entire process is given 
in table JKbelow. The extra inoculum fermentation increases the total number of 
25 generations in the process with 15-25 %, an increase that could have effects on plasmid 
stability and product quality. 



Table 37. Estimated number of generations in different process steps 



Process step 


Estimated number of generations 


M9H-Tc agar plates 


8-12 


0.25 L M9H-TC Shake flasks 


4-5 


9 L Inoculum fermentation 


5-6 


850 L Main fermentation 


9-11 


Z Total process 


26-34 
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7A3.1 Results from simulated large scale fermentations 

It was decided to use a rich substrate MM5Y-Tc (6 mgr 1 ) in the inoculum fermenter for two 
reasons. The first reason was that an increase in the growth rate from 0,3 h* 1 to 0,4 h" 1 
5 would decrease the process time with approximately 5 h. The second reason was the 
hesitation whether or not the M9H-Tc (6 mgP 1 ) substrate could support growth up to OD 620 
values in the range 7-10. Table 38 below compares the results from the simulated large 
scale fermentations with the developed lab scale process and the growth and rhPBGD 
production versus tim-e are shown in, fig 30 and fig 31. 

0 

Table 38. Results from simulated large scale fermentations in comparison to the developed 
lab scale process. 





PD19 


PD21 


PD22 


Cultivation 
type 


7 L fermentation 


Simulated large 
scale: 9 L 
inoculum + 7 main 
fermentation 


Simulated large 
scale: 9 L 
inoculum + 13 L main 
fermentation 


Substrate 


MM20Y 


MM20V 


MM20Y 


Initial 

glucose 

cone. 


10 gr 


10 gl- 


10 gl" 


Batch 
phase 


0-10,3 h 


0-9,25 h 


0-8,50 h 


Feed 
phase 


10,3- 30.0 h 


9,25-30.0 h 


8,50-30,0 h 


Achieved 
glucose 
feed 
profile 


23 mlh ' 10,3-17,3 h 
49 mlh 1 17,3-24,3 h 
73 mlh' 1 24,3-30.0 h 


20 mlh'' 9.25-1 1,0 h 

24 mlh" 1 11,0-13,3 h 

25 mlh 1 13,3-16,3 h 
41 mlh' 1 16,3-20,3 h 
43 mlh* 1 20,3-23.3 h 
65 mlh 1 23,3-25,0 h 
70 mlh" 1 25,0-30,0 h 


43 mlh" 8,5-10,0 h 
40 mlh 1 10,0-13.0 h 
50 mlh -1 13,0-14,0 h 
45 mlh* 1 14,0-15,3 h 
60 mlh" 1 15,3-16,0 h 
80 mlh 1 16,0-17,0 h 
85 mlh" 1 17,0-22.3 h 
150 mlh" 1 22,3-23,3 h 
121mlh° 23,3-24,0 h 
135 mlh 1 24,0-25,0 h 
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i**n mih* 1 n_*5ft n k 

135 mlh' 1 26.0-27,0 h 
150 mlh' 1 27,0-28,0 h 

1 ^rt mlh" 1 OA A.OQ n H 
iou mm ^o,u-^s,u n 

150 mlh" 1 29,0-30,0 h 


Total 

glucose 

added 


652 a 


622 a 


iouo y ^ (Ui g J 


Glucose 
ace. 


No accumulation 


No accumulation 


No accumulation 


Final Dw 


Measurement error 


36,9 gr' 


38,8 gl" 


Final OD 620 


96 


96 


95 


Final CFU 


37*10" mr 


21*10" ml" 


46*10 9 ml'' 



Table 38. Results from simulated large scale fermentations in comparison to the developed 
lab scale process (continued). 



Final 
rhPBGD 


66 Umr 


66 Urnl" 


69Uml- 


Final spec. 
rhPBGD 


4,8 Umg" 


4,2 U mg" 


3,8 U mg"' 


Final 

plasmid 

stability 


100 % of growth on 
LB ! 


100% of growth on 
LB 


96 % of growth on LB 



"recalculated to a 7 L fermentation 



5 

There was still a rather good correlation between the amount of glucose added to the 
fermentation (when adjusted for the differences in volume) and the final Dw and OD 62 o 
values. When comparing the results from fermentations PD21 and PD22 with PD19 there 
is a very good reproducibility in all measured parameters. Since PD19 when the final 
10 glucose feed profile was fixed the reproducibility in CFU values has improved greatly. This 
is due to that we now have more controlled and similar conditions during the fermentations. 
The levels of rhPBGD expression and the plasmid stability are very good. Based on the 
SDS Page assay it was not possible to detect any differences in the produced rhPBGD 
from PD21 and PD22 when compared to PD19. 
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Final statement: The 5-6 extra generations introduced in the inoculum procedure do not 
have any influence on the growth pattern, productivity or quality of the produced rhPBGD. 
The fermentation process seems to be very reproducible. 

5 7.A.3.2 850 L Scale Up fermentations 

Two scale up fermentations were performed according to the outline of the simulated large 
scale fermentations. The only differences were that all 9 L broth from the inoculum 
fermenter were used for inoculation and that the broth was used directly for inoculation 
instead of being stored at 0-8 °C for approximately 1,5 h as in the simulated large scale 
10 fermentations. Results from the scale up fermentations are summarised in table 39 and the 
growth and rhPBGD production versus time are shown in fig32 and fig 32. 

Table 39. Results from 850 L Scale up fermentations in comparison to the developed lab 
scale fermentation 





PD19 


PD1501 


PD1502 


Cultivation 
type 


7 L fermentation 


Scale Up 

fermentation 9 L 
inoculum + 850 L 
main fermentation 


Scale Up 

fermentation 

9 L inoculum + 850 L 

main fermentation 


Substrate 


MM20Y 


MM20Y 


MM20Y 


Initial 

glucose 

cone. 


10 gr' j 


10 gr' 


10 gr 


Batch 
phase 


0-10,3 h 


0-9.0 h 


0-8,5 h 


Feed 
phase 


10,3- 30,0 h 


9,0-30,0 h 


8,5-28.0 h 


Glucose 

feed 

profile 


23 mlh- 10,3-17,3 h 
49mlh' 1 17,3-24,3 h 
73 mlh 1 24,3-30,0 h 


Averaged values 
from process data 
3.3 Ih* 1 9,00- 16.5 h 
5,5 Ih* 1 16.5- 23.5 h 
10,5 Ih- 1 23.5 - 30,0 h 


Averaged values 
from process data 
3,3 Ih' 1 9,00- 15,5 h 

5.7 lh' 1 15,5-22.5 
h 

9.8 Ih' 1 22.5-28.0 
h 


Tot 


652 g 


89.5 kg ( 737 g )" 


79.9 kg ( 658 g )* 
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glucose 
added 








Glucose 
acc. 


No accumulation 


No accumulation 


ivKj ctwwurnuiauon 


Final Dw 


Measurement error 


40,7 aP 


^7 7 nr* 


Final OD 6 2o 


96 


111 


106 


Final CFU 


37*1 0 s * ml"' 


89*10" ml"' 

ww IV/ 1 1 II 


IHU i\J mi 


Final 
rhPBGD 


66 Uml- 


62 Uml" 1 


59 Uml"' 


Final spec. 
rhPBGD 


4,8 Umg-' 


3,8 U mg"' 


4.1 U ma* 1 


Final 
plasmid 
stability j 


100 % of growth on 
LB 


100 % of growth on 
LB 


99% of growth on LB 



To get conditions similar to batch PD1501 in the down stream processing it was decided to 
stop the fermentation at an ODsaj close to the final value in fermentation PD1501. Hence 
5 PD1502 was stopped after 28 h instead of 30 h. One common explanation to this kind of 
differences in growth pattern are quality differences between different batches of yeast 
extract, even from the same manufacturer. 

When comparing the fermentations PD1501 and PD1502 with PD19 there is a very good 
reproducibility in all measured parameters, except for the CFU values. It seems like the 

10 amount of viable cells increases dramatically when increasing the fermentation volume (i.e. 
changing from homogeneous well mixed conditions in a lab scale fermenter to a 
inhomogeneous production fermenter where the cells encounter constantly fluctuating 
conditions). This is a phenomenon that has been reported for other fermentation processes 
as well, but on the other hand there are also examples of the opposite. The viability of a 

15 population of cells are influenced by a many parameters in a complex way and is 

impossible to explain the variations based on these very limited experiments performed 
during this study. No changes in the pattern on the SDS Page gel indicated any changes in 
the quality of the produced rhPBGD. A comparison of the SDS-Page gels from PD22 (13 
L), PD1 501(850 L) and PF1502 (850 L) are shown in fig 34. Also the plasmid stability and 
20 the rhPBGD productivity was unaffected by the increase in scale. 
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Final statement: The scale up from a 7-13 L lab fermentation to a 850 L production 
fermentation do not have any influence on the growth pattern, productivity or quality of the 
produced rhPBGD. The developed process is very reproducible even when comparing lab 
scale and large scale fermentations. 

5 

7.A.4 Results from IV. Development and Scale-up of down stream process 
7.A.4.1 Cell concentration 

In a series of experiments the broth was concentrated 1,9-6,9 times. The lower 
10 concentration factors reflected problems with clogging of the membrane surface. The 

optimal concentration factor was about 2. Such a low concentration factor demands a large 
buffer volume for dia filtration. The dia filtration volume has to be at least two times the 
concentration volume to exchange about 90 % of the substrate In the broth. No differences 
were seen in dia filtration results using different buffers (table 31). 

15 

Final statement: As a 1000 K filter was chosen for the cell debris removal (see 7.4.3) the 
same filter was used for cell concentration for practical reasons when scaling up to 
production scale. The broth was then concentrated around 2 times with a dia filtration 
volume of two times the concentration volume with a buffer consisting of 50 mM sodium- 
20 phosphate, 1,34 mM EDTA, pH 7,4. Permeate-flux was set at 15 I m" 2 h" 1 and the 
temperature controlled between 15 and 25°C (PD1501-PD1502). 

7.A.4.2 Homogenisation 

25 There were no significant differences in protein concentration and IrhPBGD-activity using 
different pressures and number of passages. However, after three passages at 800 bar. 
disruption of cells was considered to be optimum based on viscosity and results from cell 
debris removal. After one passage the homogenate was highly viscous due to the 
presence of unfragmented genomic DNA. The viscosity decreases significantly after further 

30 passages from shearing of the DNA into smaller parts. This is important to prevent clogging 
on the membrane surface. An Increasing number of passages gave less viscous 
homogenate (table 40). 

Final statement: Parameters chosen for scaling up to production scale were 800 bar, 3 
35 passages since disruption of cells was then maximised. Homogenate between passages 
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was kept in a tank with a refrigerated jacket. To facilitate the cell debris removal, it was 
decided to dilute the homogenate 2,5 times after the third passage. A buffer consisting of 
50 mM sodium-phosphate, 1,34 mM EDTA, pH 7.4 was used for the dilution. Between 
passages temperature at the homogenate in the tank was controlled between 15 and 25°C 
5 (PD1501-PD1502). 

Table 40. Homogenisation of E-coli cells containing rhPBGD-activity, Batch PD19 



Pressure 


Number 


Total protein 


Activity 


Comments 




of 


mg/ml 


U/ml 




Bar 


passage 
s 








800 


1 


14,2 


67 


Viscous 


600 


3 


14,6 


72 


Not viscous 


800 


3 


15,5 


79 


Not viscous 


1000 


3 


14,8 


76 


Not viscous 



7.A.4.3 Cell debris removal 

10 When centrifuged extracts exceeded 10 mg protein mr 1 problems with precipitation and a 
significant decrease in pH occurred. Membrane filtered extracts did not give the same 
problems with precipitation as centrifuged extracts. When testing different buffers with 
different pH during cell debris removal it was obvious that the ionic strength of the buffer 
had to be at least 50 mM, with a pH around 7,4 to avoid later decrease in pH. It was also 

15 concluded that rhPBGD was more stable in buffers with a pH around 7,4 than pH 8,2. The 
final choice of buffer was 50 mM sodium-phosphate, 1,34 mM EDTA, pH 7,4. 

The produced extract was dark pink in colour. When standing at room temperature with 
vigorous stirring extract became brownish-red in a couple of hours. This was probably due 
20 to an oxidation process taking part in the extract. 



25 



The transmission of proteins through the membrane was low using a 0,2 pm filter. The 
rhPBGD activity yield was only around 20 %. The yield was however affected positively by 
changing the homogenisation parameters from one passage to three passages (table 41). 

Table 41 . Summary of rhPBGD yield after cell debris removal using different pressures 
during homogenisation. Filter used was 0,2 pm, Batch PD19. 
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= Pressure- 



Bar 



800 



600 



800 
1000" 



passages 



Total protein 
mg/ml 



1.2 



1.6 



3.5 



1.7 



Activity 
U/ml 



16 



10 



PCT/DKOO/00425 

ART34AMDT 



activity 
U/mg protein 



3.3 



4.3 



4,6 



5.9 



Exchanging the micro filter (0,2 pm) for ultra filters (500 K and 1000 K) resulted in less 
fouling at the filter surface and protein concentration increased to acceptable yields (Table 
jf§^ The smaller membrane area and flatter surface minimised product hold up and 
5 adsorption, which in this case increases yields. Furthermore, the transmission of total 
protein seems to be lower than the transmission of rhPBGD when using an ultra filter (1000 
K), resulting in a higher specific activity (table In all experiments the homogenate was 
dia filtered to the same theoretical yield (90%) to enable comparison of the results. 



10 Final statement: For scaling up to production scale a 1000 K filter was chosen for cell 
debris removal since this filter gave a good yield of rhPBGD with a high specific activity. 
Diluted homogenate was decided to be concentrated approximately 2,5 times and then dia 
filtered with 50 mM sodium-phosphate, 1,34 mM EDTA, pH 7,4 to get a theoretical yield of 
rhPBGD of about 95 %. Nitrogen was flushed over the permeate surface In order to 

15 prevent oxidation (PD1502). Permeate-flux was set at 15 1 nrf 2 h" 1 and the temperature was 
set at 15- 25°C (PD1501-PD1502). 

Table 42. Summary of rhPBGD yield from Batch PD21 using different filters during cell 
debris removal. Homogenisation parameters: 800 bar, 3 passages. The yield of rhPBGD 
20 from membrane filtration was compared to centrifuged material. 



Cell debris removal 


Yield 




Yield 




Specific activity 


by 


Total protein 




Activity 




U/mg protein 




mg/ml 


%* 


U/ml 


%* 




0,2 pm filter 


2.2 


30 


7 


21 


3.3 


500 K filter 


4.8 


65 


22 


69 


4.6 


1000 K filter 


3.1 


42 


21 


66 


6.8 


centrifuged 




80 




90 


5.1 



* Yield is given in % compared to homogenate. 
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7.A.4.4 Rnal filtration 

Membrane filtered extracts contained less particles and was thereby easier to filter than 
centrifuged extract, where problems with clogging on the filter surface occurred. The 
5 clogging made it difficult to perform integrity tests. A white slippery precipitate was always 
seen in extract before the final filtration. When analysing the dissolved precipitate 
spectrofotometrically at OD260 /OD280 resulting in a ratio near 2, it was concluded that it 
contained nucleic acid. 

10 7.A.4.5 Scale up of down stream process (PD22, PD1501 and PD1502) .. ... 

The entire final process was at first tested at a 15 L scale (batch PD22) ending with a 
rhPBGD yield of 75 %. When scaling up to 300 L(PD1501) problems with precipitation in 
the broth occurred and the rhPBGD yield decreased to 46 %. When processing batch 
15 PD1502 no precipitation was seen and the rhPBGD yield increased to 77 %. The results 
are summarised in tables 43 and 44. 

The low yields of rhPBGD from batch PD1501 was probably due to several factors: 
Using the same filter unit at cell concentration and cell debris removal commonly saves 

20 both money and time but when a white precipitate occurred in the broth it resulted in ' 
problems cleaning the filter between cell concentration and cell debris removal. The 
composition of the white insoluble precipitate was analysed and the results are shown in 
tablets: To avoid the precipitate formation in PD1502 the substrate preparation was 
carefully monitored. No new component was added until the former component was 

25 completely dissolved. No precipitate was formed in batch PD1502. 

The filter area was small in comparison to the processed volume l which increased the 
chances for clogging on the filter surface. Dia-filtration was only performed to achieve a 
theoretical yield. rhPBGD, of 90 %. 

30 In batch PD1502 the concentration of rhPBGD in the extract was low compared to batch 
PD22 but the yield was slightly higher. The lower concentration was due to an operator 
mistake using an increased dia filtration volume at cell debris removal during the process of 
PD1502. If a smaller dia filtration volume during cell debris removal in batch PD1502 had 
been used it would have resulted in a higher concentration of rhPBGD but the yield had 

35 then decreased. 
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The concentration of rhPBGD was also higher in starting material (homogenate) from batch 
PD22 and PD1501 than from PD1502. Furthermore a the specific activity in the extracts 
from batch PD22 and PD1501 are higher than in the extract from PD1502. 



5 To compare rhPBGD-protein amount with rhPBGD-activity, samples from different stages 
in the process were analysed with SDS-PAGE according to procedure S001. In all batches 
tested (PD22, PD1501 and PD1502) a major band was seen in a position corresponding to 
a molecular weight around 40kD and with almost the same mobility as the rhPBGD-His 
standard. We therefor conclude that this band corresponds to rhPBGD and is responsible 
10 for the rhPBGD-activity measured in the samples 34. 



Table 43. Parameters of the final extraction process for the last laboratory batch PD22 and 
the two production batches PD1501 and PD1502 



Batch 


PD22 


PD1501 


PD1502 


Volume broth processed (I) 


15 


300 


300 


Filter used for Cell concentration 


1000K, 0,5 m' 


1000K. 4 m' 


1000K, 8 m 2 


Permeate Flow rate (Flux) Cell 
concentration 


■ H.OIrrrti" 1 


14.5 Im-'h-' 


13.9 lm"h-' 


Homogenisation parameters 


800 bar, 
3 passages 


800 bar, 
3 passages 


800 bar, 
3 passages 


Filter used for Cell debris removal 


1000K, 0,5 m' 


1000K,4m 2 


1000k, 8m J | 


Permeate Flow rate (Flux) Cell debris 
removal 


11.6 Infh" 


11.5 lm-'h" 


12,0 lm~h < 


CF (concentration factor cell debris 
removal) 


2.0 


2.2 


2.5 


Dia-filtration cell debris removal % 
theoretical yield 


93 


90 


98 


Volume extract after cell debris 
removal 


25 liter 


450 liter 


670 liter 


Dilution factor extract volume /broth 
volume 


1.7 


1.5 


2,2 


Filter used for sterile-filtration 


Sartobran P, 
0,2 m 2 


Durapore 
CVGL71 


Durapore 
CVGL71 
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Table 44. Results from the extraction of the last laboratory and the two production batches 
using the final process. 



Batch 


PD99 




rDloUZ 




MA 


4Q O 

io,o 


1 o,0 


Homogenate activity (U/ml; kU) 


82; 1280 


71' 25420 


51* 17950 


Specific activity, homogenate 
(U/mg) 


4,7 


3.8 


3.4 


Extract protein (mg/ml; g) 


7,5; 261 


5.3; 2370 


5.0;3300 


Extract (U/ml; kU) 


38; 950 


25; 11620 


21; 13860 


Yield protein from homogenate (%) 


72 


36 


62 


Yield activity from homogenate (%) 


74 


46 


77 


Specific activity, extract (U/mg) 


5,1 


4.7 


4.2 



5 Table 45. Composition of the white insoluble precipitate from broth (Batch PD1501). 



Composition 


mg/kg dry weight 


Sodium (Na) 


510 


Potassium (K) 


5 800 ~ 


Calcium (Ca) 


900 


Magnesium (Mg) 


190 000 


Phosphate (P) 


230 000 







Final Statement: The scale up of the extraction process from a 15 L laboratory scale to a 
300 L production scale, with a longer product hold up, seems not to have any important 
influence on the quality of the extract produced. However, it should be mentioned that in 
10 stability studies, extract from the production scale batch PD1501 was more stabile over 
time in the freezer than the laboratory batch PD22 (See 7.A.4.6). 



7.A.4.6 Stability studies, rhPBGD-activity 

15 When the final extract was stored in freezer (-20°C) extract from the final laboratory batch 
(PD22) gave a decrease in activity of approximately 10 percent monthly while extract from 
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a production batch (PD1 501) resulted in a 3 percent decrease in activity over the same 
time (Fig 35). 

Evaluation and conclusions 

5 

We have developed a fermentation and down stream process for production of sterile 
filtered permeate containing recombinant human Porphobilinogen Deaminase (rhPBGD) on 
a commercial scale. The process is briefly outline as follows. 

10 The fermentation process is started with cells from cryo vials stored in an ultra freezer at a 
temperature < -70 °C. In all inoculum steps (agar plates, shake flasks and inoculum 
fermenter) 6 mgl' 1 oxytetracycline is used as selection pressure to ensure a good plasmid 
stability. In all process steps the temperature is 30 °C. The minimal medium agar plates are 
inoculated with cells from the cryo vial and are incubated for 24 + 4 h. Two 1 L shake flasks 

15 are inoculated with growth from 1 34 agar plate each and are incubated for 13 + 1 h before 
the broth is pooled and used to inoculate an14 L inoculum fermenter. The inoculum 
fermenter containing 9 L minimal medium supplemented with 5 gr 1 yeast extract. When 
ODezo is 7-10 (after approximately 9 h) the broth is transferred to the 1500 L production 
fermenter containing 850 L minimal medium supplemented with 20 gr 1 yeast extract and 10 

20 mgl" 1 thiamine. No selection pressure is used in the production fermenter. After an initial 
batch phase (approximately 8 h) growth is controlled by a stepwise increasing glucose feed 
(600 gl _1 ) profile. Totally about 120 L glucose (600 gr 1 ) solution is fed into the fermenter 
and together with the NH 3 (25% w/w) and MgS0 4 *7H 2 0 also fed into the fermenter this 
gives a final fermentation volume of about 1000 L. The fermentation is stopped when OD 620 
25 is 100 + 20 (approximately 30 h) and the broth is cooled down to 20-25 °C before 

downstream processing starts. At the end of fermentation the dry cell weight is about 40 gr 
1 and the rhPBGD activity is about 60 Umr 1 . 

The process described for rhPBGD extraction from the PBGD-2 strain of E.coli cells is 
30 based largely on the use of membrane filtration with a 1000 K ultra filter both for cell 

concentration and cell debris removal. During cell concentration and cell debris removal the 
temperature is controlled between 15 and 25 °C. Disruption of cells is accomplished by 
homogenisation at 800 bar for 3 passages at ambient temperature. Between passages 
homogenate is kept in a tempered (15-25°C) tank. Finally extract is filtered through a 0,22 
35 pm retentive filter into autoclaved containers. 
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By means of the process developed, rhPBGD can be extracted from 300 L broth in less 
than 30 hours with an overall yield of about 75 % with a concentration in the extract of 
approximately 25-30 U/ ml. 

5 The 850 L fermentation process developed gives a very good and reproducible expression 
of rhPBGD without temperature induction. Plasmid stability is good even without selection 
pressure in the 1500 L production fermenter. No negative Scale up effects was 
encountered during Scale up. The 300 L down stream process is reproducible and has a 
good overall yield. The down stream process is foreseen to be easy to further scale up to 
10 give a process taking care of all 1000 L broth produced in the fermentation. Hence the 
developed process are therefore at this stage found suitable for large scale production of 
rhBPGD. 

List of figures 

15 Fig 25. Comparison of fermentations PD05 and PD06 with strain PBGD-2. 

Fig 26. Comparison of fermentations PD09, PD11 and PD12 

Fig 27: Comparison of fermentations PD09, PD1 1 and PD12 with strain PBGD-1. 

Fig 28.Comparison of fermentations PD14, PD16 and PD19 with strain PBGD-2. 

Fig 29.Comparison of fermentations PD14, PD16 and PD19 with strain PBGD-2. 
20 Fig 30.Comparison of fermentations PD19, PD21 and PD22 with strain PBGD-2. 

Fig 31. Comparison of fermentations PD19, PD21 and PD22 with strain PBGD-2. 

Fig 32. Comparison of fermentations PD19, PD1501 and PD1502. 

Fig 33. Comparison of fermentations PD19, PD1501 and PD1502 with strain PBGD-2. 

Fig34. Summary of Fermentation and down stream process visualised by SDS-Page. 
25 Comparison between different samples 

Fig 35. Stability studies: Single use aliquots of extract were routinely taken out of the 

freezer (-20°C) and the rhPBGD-activity was measured and plotted over time, 
(i 

Example 8 

30 

Cloning of rhALAD 

The goal of the study is to clone and sequence the cDNA encoding the erytropoietic form of 
the human enzyme delta-aminolevulenic acid dehydratase (ALAD). This study was 
35 undertaken with a long term view to develop an expression system for producing 
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recombinant human delta-aminolevulenic acid dehydratase (rhALAD) in Escherichia cofi 
(E. coif). 

ALAD is the second enzyme of the heme biosynthetic pathway. Human ALAD is encoded 
5 by a single gene localized to the chromosome 9q34 region (1). Although alternative 
splicing results in the formation of erythroid-specific and housekeeping transcripts the 
differences are restricted to the 5* untranslated sequences and both transcripts encode 
identical poplypeptides in all cell types (1). The cDNA sequence of human ALAD is 
published (2) and the aim of this study is to clone the cDNA for human ALAD from a 
10 suitable source and confirm its identity to the published sequence. 

Study objectives 

Clone cDNA encoding the 330 residue human ALAD polypeptide (2) from a suitable source 
by PGR amplification. 

15 

Sequence at least three Independent clones in both directions to find to a clone that 
matches the published sequence. 

A PCR amplification strategy was used to clone the ALAD from human spleen cDNA. The 
amplified product obtained by using the primers IC0549 and ICO550 (Figure 36) was 
20 digested with EcoR I and Hind III and cloned into pBluescript II SK- cut with the same 
enzymes (Figure 37). Four clones ensuing from the ligation (pBlueAlaD-1-4) were 
sequenced. 

Materials and Methods 

25 8.1 PCR and Cloning 

As the same ALAD polypeptide is expressed in all cell types (1) any tissue can serve as a 
source for cloning. Spleen cDNA (made by Donald Rao using BRL Superscript II with 500 
ng Clontech poly-A RNA from a pool of different donors, catalogue # 6542-1 , in 20 I 
reaction volumes per manufacturer's instructions) was used. One I of cDNA 

30 (approximately 25 g) was amplified with Advantage cDNA polymerase mix (Clontech 
Catalogue # 841 7-1 ) with 0.2mM dNTP and 0.4 M each of IC0549 (5' 
ATCCATGAATTCCACGCAATGC AGCCCCAGTC 3') and ICO550 (5 f 
AGTCGTAAGCTTGCCTGGCA CTGTCCTCCATC 3') in 50 I reaction volumes. Two 
cyde PCR was used with an initial heat denaturation step at 94°C for 100 seconds followed 

35 by 28 cycles of 96°C for 20 seconds and 72°C for 2 minutes. A final extension of 7 minutes 
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of this PGR mix was again amplified exactly as described above and cloned into 
pBluescript II SK- (Stratagene, catalogue # 212206), linearized with EcoR I and Hind III 
after purification (using GEANECLEAN III, from BIO 101 catalogue # 1001-600) and 
5 digestion with the same two enzymes (see Figure 37, A and B). 

8.2 Sequencing 

Four plasmid clones from the above ligation viz. pBIueAJaD-1-4 were sequenced with the 
10 Big Dye terminator cycle sequencing kit from PE/ABI catalogue # 4303152. Three vector 
primers, IC0383 (5* GTAATACGACTCACTATA GGGC 3'), IC0384 
(5 f CTAAAGGGAACAAAAGCTGGAG 3') and IC0618 

(5- GCGCGTAATACGACTCACTA 3) and two ALAD-specific primers, IC0616 
(5' CCTACGCTGTGTCTTGATCT 3') and IC0617 (5 1 GGCTT CACCATGAGCATGTC 3') 
15 were used. The results are tabulated in Table 46. 



Table 46 Summary table of sequencing results 



Clone* 


Nucleotide change 


Amino acid Change 


BlueAlaD-1 


m 




BlueAlaD-2 






PBIueAlaD-3 


168. TtoC 
414. CtoT 
463. TtoC 
866, CtoT 


56. Y (silent) 

138, N (silent) 

155. L (silent) 289. 

A toV 


PBIueAlaD-4 


180. TtoC 


56, y (silent) 



20 



Reporting and Results 

The inserts in all four clones confirmed to be ALAD by sequence analysis. The results are 
shown in Table *c As seen, two of the clones completely match the published sequence 
(2). The other two have changes, most of which are silent. Without a larger sampling 
volume it is difficult to distinguish between allelic variation and PCR/cloning artifacts. The 
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shown in seq. 14. 

Evaluation and conclusions 
5 The PCR amplification strategy used has generated ALAD cDNA that matches the 
published sequence. It has convenient restriction sites at the ends for ease of 
manipulation into expression vectors, including an engineered BsrD I site just upstream of 
the ATG. 

10 Example 9 

Administration for rhPBGD, an animal study. 

Recombinant human Porphobilinogen Deaminase (rhPBGD) will be administered as an 
15 enzyme substitution treatment for patients diagnosed with Acute Intermittent Porphyria 
(AIP). rhPBGD will be administered by s.c or i.v injections. It is essential for the efficacy of 
the treatment, e.g. reduction of the toxic precursors porphobilinogen (PBG) and 8- 
arninolevulinic acid (ALA), that rhPBGD can enter the blood stream and remain biologically 
active. 

20 

Pharmacokinetics of rhPBGD 

To study the pharmacokinetics, wildtype healthy B6 mice were injected with rhPBGD. The 
content and enzyme activity of rhPBGD was followed in plasma from animals after different 

25 timepoints (0, 15, 30, 45 and 60 min). Each animal received one single injection of 50 ng 
rhPBGD and three different routes of administration were used, i.v, i.p or s.c. The plasma 
levels of rhPBGD analysed by ELISA are shown in Figure 1 . The conclusion from this data 
is that the half-life of rhPBGD following i.v injection is 20-30 min. Following i.p injection the 
maximal levels of rhPBGD was found after approximately 30 min. Also s.c injections of 

30 rhPBGD resulted in detectable levels of PBGD in plasma which shows that it is possible to 
use this route for administration. S.c injection did also result in a slow release of rhPBGD to 
plasma with maximal levels found in the last timepoint analysed (60 min). 

38 shows plasma levels of rhPBGD following administration to mice. 50 \ig rhPBGD (2,3- 
35 2,8 mg/kg) were injected i.v, i.p or s.c to wildtype B6 mice. After different timepoints (0, 15, 
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30, 45 or 60 min respectively) mice were killed and plasma were prepared from blood 
obtained by heartpuncture. Levels of rhPBGD were analysed using an ELISA method 
where data are expressed as ng rhPBGD/ml plasma. Each point represents one animal. 

5 In Figure 39 the same plasma samples were analysed using a PBGD enzyme activity 
assay to answer the question if the rhPBGD found in plasma is active. The pattern of the 
enzyme activity is very similar to Figure 38, showing that rhPBGD detected with the ELISA 
is also enzymatically active. 

10 In conclusion it is observed that if rhPBGD is administered to mice using i.v, Lp or s.c 
injections the active enzyme is found in blood of those animals. The half-life of rhPBGD 
following i.v administration has also been shown to be approximately 20-30 min. 

Figure 39 shows the PBGD enzymatic activity in plasma following rhPBGD administration 
15 to mice. 50 ^ig rhPBGD (2,3-2,8 mg/kg) were injected i.v, i.p or s.c to wildtype B6 mice. 
After different timepoints (0, 15, 30, 45 or 60 min respectively) mice were killed and plasma 
were prepared from blood obtained by heartpuncture. Enzymatic activity was determined in 
samples and are expressed as jig rhPBGD/ml plasma calculated by using a specific 
activity of rhPBGD of 14U/mg. Each point represents one animal. 

20 

Proof of concept study 

Many AIP patients experience acute porphyric attacks. During these periods they excrete 
large amounts of the heme precursors PBG and ALA in urine. These precursors are 
25 believed to be essential factors in the patophysiology of the disease. An essential principle 
with the enzyme replacement therapy with rhPBGD is to metabolise and lower circulating 
PBG and ALA levels. 

To analyse if rhPBGD can effect levels of PBG and ALA in vivo, a transgenic mouse was 
30 used where the PBGD gene has partially been knocked-out (Lindberg, R. L P. et al. 
Nature Genetics 12:195-199, 1996). This mouse-strain shows only 30% rest-activity of 
PBGD in liver. By treating these mice with phenobarbital one can induce a syndrome very 
similar to the human form of AIP. The AlP-attack can be followed in the animals by 
analysing secretion of ALA and PBG in urine (see Figure 40 and 41). 
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In this study all ammalsiwere 

(day 0-4, 75-90 mg/kg and day i.p). One group of animals did at the same time also receive 
rhPBGD for seven days (day 0-7, 1 ,7-2,3 mg/kg and day i.p). The content of PBG and ALA 
were analysed in 24 h urine samples where levels are expressed as mmol/mol creatinine. 
5 As seen in Rgure>4rthe rhPBGD treatment results in a lowering of urinary contentpf PBG 
and ALA as compared to animals treated with only phenobarbital (Figure 40). This data 
shows that rhPBGD, when given to mice with high levels of PBG and ALA in serum (acute 
AIP attack), can lower these levels as analysed by the urine content of this metabolites. No 
antibody formation against rhPBGD was seen in these animals when analysing at day 1 1 
10 or at 2 weeks after that the rhPBGD treatment was stopped. 

The conclusion from this data is that rhPBGD can lower the levels of PBG and ALA in mice 
during an acute attack of porphyria. This may also indicate that clinical symptoms seen in 
AIP patients, which probably are induced by the high serum levels of PBG and ALA, may 
15 be reversed by this treatment Further studies are now on its way to confirm this data. It is 
also possible to increase the treatment period using rhPBGD in mice due to that no 
antibody formation was seen. 

Fig 40 shows the urinary content of PBG and ALA in AlP-mouse treated with 
20 phenobarbital. Mice were treated with an increasing dose of phenobarbital for 4 days (day 
0-4, 75-90 mg/kg and day i.p). PBG and ALA levels were analysed in 24-h urine samples 
and expressed as mmol/mol creatinine. Data from one representative animal are shown. 

Fig. 41 shows the urinary content of PBG and ALA in AlP-mouse treated with phenobarbital 
25 and rhPBGD. Mice were treated with an increasing dose of phenobarbital for 4 days (day 
0-4, 75-90 mg/kg and day i.p) and rhPBGD for 7 days (day 0-7, 1 ,7-2,3 mg/kg and day i.p). 
PBG and ALA levels were analysed In 24-h urine samples and expressed as mmol/mol 
creatinine. Data from one representative animal are shown. 

30 Ongoing studies in mice 

Known clinical symptoms in AIP patient are different neurological symptoms such as pain 
in stomach and/or legs and arms and muscle weakness. To study these symptoms in the 
transgenic mice we also analysed the motomeuron function by different behavioural tests 
35 such as rotarod and grip strength. Data shows that the transgenic AlP-mouse have 
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examples of such data from the grip strength (Figure^ and from rotarod (Figure ;B). Motor 
neuropathy has also been described in the AlP-mice by Lindberg, R. L P. et al. Journal of 
Clinical Investigation 103:1127-1134. 1999. We will now analyse if also the neurological 
disorders in the A IP-mouse can be can be reversed by the rhPBGD treatment, as a 
possible long-term treatment for patients. 



Fig 42 shows the grip strength analysis in control and AlP-mice. Grip strength were 
determined using a grip strength meter (Ugo Basile) in heterozygous control animals 
1 0 (control 1 ; n=5), in wild type controls (control 2, n=5) and in AlP-fransgenic mice (AIP, 
n=5). 

Fig. shows a rotarod analysis in control and AlP-mice. The rotarod analysis were 
determined using a rotarod treadmill (Ugo Basile) in wild type controls (control, n=5) and in 
15 AlP-transgenic mice (AIP, n=7). 

ExampIelO 

Stability data for rhPBGD 

20 

Stability study 1 - Selection of formulation buffer 



To find the best suitable formulation conditions for rhPBGD-His, the enzyme was 
formulated in* a phosphate buffer containing mannitol and glycine as protein stabilizers. 
25 Different pH. ion strength and enzyme concentration were investigated. Table 47. The 
study was performed at 40°C and 75% relative humidity during 8 weeks. 



Table 47. Formulations 



Sample no. pH Ion strength (mM) rtiPBGD-His cone. 

(mg/ml) 

1a, 2c, 3a 7$ 10 2 " 

1b 7,5 10 8 

2a 6,5 10 2 

2b 7,0 10 2 

2d 8,0 10 2 
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The samples were sterile filtered and aliquots of 170 I were dispensed into 300 I glass 
vials with a Teflon/silicon crimp cap. Samples were collected for analysis on week 0, 1, 2, 4 
and 8 and were analysed for enzyme activity (enzyme activity assay), protein concentration 
5 (HPLC) and degradation/aggregation (HPLC, SDS-PAGE and IEF). 

The enzyme precipitated in all samples except for sample no. 2e (pH 8,5); Sample no. 1b 
<8 mg/ml) showed a higher precipitation rate than samples with lower enzyme 
concentration. This sample turned yellow after one week, all other samples turned yellow 
10 after 2 weeks. The HPLC chromatograms showed that a prepeak to the rtiPBGD-His peak 
was formed during storage at 40°C, and that this prepeak increase with time. The peak for 
pure rhPBGD-His decreased with time. Figure 1, shows the amount enzyme calculated 
from the area under the peak in HPLC chromatograms. 

15 The enzyme activity. Figure 45. decreased from 16 Units/ml (U/ml) to 2 U/ml in 8 weeks, 
for sample no. 1b the decrease in enzyme activity was more pronounced the first week, 40 
U/ml to 10 U/ml, corresponding to the precipitation seen in Figure 44. The specific enzyme 
activity is shown in Figure 2^ It seemed like high protein concentration was detrimental for 
the enzyme activity (sample no. 1b). 

20 

SDS-PAGE gels showed bands from aggregates as well as from scissoring after one week 
for all samples. 



On the isoelectric focusing, IEF, gels four bands corresponding to the four catalytic forms 
25 of the enzyme (E, E1 , E2 and E3) were seen on day 0. During storage at 40°C it seemed 
like the first band (E) was weakened and the second band (E1), which is more acidic was 
getting stronger. The number of more acidic bands increased over time. This was probably 
due to deamidation. 

i 

30 Conclusion 

i , 

rhPBGD-His was not stable at 40°C. However, the only formulation buffer in which no 
visible precipitation of the enzyme was detected was no. 2e (pH 8,5). High concentration of 
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the enzyme seemed to be critical for both precipitation and enzyme activity. All samples 
turned yellow as well as precipitated, except for no. 2e that just turned yellow. The 
decreased enzyme activity can for example be a result of enzyme aggregation, scissoring 
and/or deamidation. 

5 

Stability study 2 - Storage temperature 

This study was performed on rhPBGD without the five histidines. Stability study 1 showed 
that rhPBGD-His has its best stability in pH 8,5. Since rhPBGD has its isoelectric point 
10 about 0,5 pH units lower than the histidine tagged enzyme a formulation buffer with pH 8,0 
was chosen in this study. The formulation buffer is described in Table 48. 



Table 48. Formulation buffer for rhPBGD, 3,67mM phosphate buffer with mannitol and 
glycine, pH 8 and ion strength 10mM. 



Excipient 


Concentration (mM) 


Na 2 HP0 4 »2H 2 0 


3,16 


NaH 2 P0 4 «H 2 0 


0,51 


Glycine 


27 


Mannitol 


222 



15 — — I 

The samples were prepared as described in stability study 1. The study was performed 
over 12 weeks using two concentrations of rhPBGD, 10 mg/ml and 2 mg/ml. The examined 
temperatures were -20°C ± 5°C f 5°C ± 3°C and 25°C ± 2°C. The material was also tested 
for stability when freeze/thawed. The assays were the same as in stability study 1. 



20 

The enzyme concentration was relatively stable in this study compared to the stability study 
1, Figure 47. Precipitation was only seen at 25°C and only for the high concentrated 
formulation. The precipitation appeared after one week, at the same time as a yellow 
colour. After eight weeks the high concentrated formulation stored at 5°C had turned 
25 yellow. For the 2 mg/ml formulation the yellow colour appeared only at 25°C, and then not 
until after eight weeks of storage. (The fluctuations seen in Figure 47 was probably due to 
variability in the dilution of the samples and integration of HPLC chromatograms.) 
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Regarding the enzyme activity there was no significant difference between the two 
concentrations or the temperatures -20°C and 5°C, Figure 48 and 49. The samples stored 
. at 25°C showed a lower final enzyme activity. 

5 The material used in this study showed at time 0 two bands at higher molecular weight 
than pure rhPBGD and one with lower molecular weight, on SDS-PAGE gels. This pattern 
did not change for any of the samples during the 12 weeks. 

On the IEF gels there were two extra bands for samples stored at 5°C and 25°C, at lower 
10 pH than the original bands. These bands were more pronounced in the 10 mg/ml samples. 
For the samples stored at 5°C these bands appeared after 4 weeks and for the samples 
stored at 25°C after 1 week. This might be due to deamidations. 



Conclusion 

15 The rhPBGD formulation was best preserved at -20°C over 12 weeks. Samples stored at 
5°C showed changes after 4 weeks on IEF gels, not recorded for -20 samples. Except for 
this 5°C seemed acceptable for storage of the rhPBGD formulation over 12 weeks. 

Stability study 3 - Simulation of toxicology selection study 

20 

This 12 weeks study was performed using the same formulation buffer as in stability study 
2. Table 48. The purpose of this study was to certify that the rhPBGD should be stable 
during the animal selection study. The formulation for the 58 days long selection study will 
be kept frozen (-20°C) until the day before use. At this point it will be thawed at 5°C over 
25 night During use it will probably be stored at room temperature (25°C). In this study a 
formulation with a concentration of 10 mg/ml of rhPBGD will be used. 

The samples were sterile filtered and aliquots of 400 I sample were dispensed into 3 ml 
glass vials with rubber stopper. The vials were flushed with nitrogen and subsequently 
30 caped with a plastic seal. A formulation with 10 mg/ml of rhPBGD was used, and its 
stability at -20°C ± 5°C for 12 weeks, at 5°C ± 3°C for 4 weeks and at 25°C ± 2°C for 2 
weeks was examined. The protein concentration in the samples was in this study 
measured using BCA Figure 50. 
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The variability in protein concentration seen in the HPLC measurements was reduced 
using this method. However, the variability in the data seen in Figure 50 was probably due 
to variability in dilution of the samples. 

5 This high concentrated formulation was from origin yellowish in colour. After 8 weeks, the 
formulation had become yellow. No precipitation was seen after 8 weeks (the study is not 
finished). 

The enzyme activity was stable during the investigated time period at each temperature, 
10 Figure 51. This was true even for the specific enzyme activity, Figure 52. There were some 
fluctuations, however these were probably assay related. 



The material used in this study showed form origin two bands at higher molecular weight 
than pure rhPBGD and one with lower molecular weight, on SDS-PAGE gels. One weak 
1 5 extra band at even lower molecular weight appeared after 2 weeks at 25°C and after 4 
weeks at 5°C. This band had not appeared after 8 weeks at-20°C. 

The samples showed at time 0 two extra bands on the IEF gels. These were more acidic 
than the E3 band, however very weak,. For samples stored at 5°C and at 25°C the intensity 
20 of these bands increased over time- 
Conclusion 

The rhPBGD will stay stable during the selection study ff treated as described. Thus, 
rhPBGD is stable at -20°C for 8 weeks, and except for deamidaion at 5°C for 4 weeks and 
25 at 25°C for 2 weeks. Note, that this study was performed using nitrogen in the test vials. 
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